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Power FACTOR and total oxidation 
products for individual layers of paper 
tapes of service aged cable insulation have 
been investigated in a study of the de- 
terioration of 24-kv power cables. Oxida- 
tion due to leakage of air into and along 
the cable was found to be the major cause 
of deterioration of solid type cables in ser- 
vice. p. 450-4 


Practica methods have been de- 
veloped for metering high voltage loads on 
the low voltage side of power transformers, 
using a compensating meter in combination 
with a watthour meter. As well as result- 
ing in a saving in cost, accuracy is equal to 
or better than high voltage metering. 
p. 454-61 


Recent improvements have been made 
in the design of sectional mercury arc 
rectifiers. These have been incorporated 
in a 4-section rectifier rated 3,000 kw, 625 
volts, being installed for the independent 
subway system of New York City. 9. 
462-6 


Devetopments in the generation of 
electric power during the past 2 years are 
presented in the report of the A.I.E.E. 
committee on power generation. General 
trends in steam plant and hydroelectric 
plant practice are outlined and future possi- 
bilities discussed. p. 48-503 
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Hear radiated from the human body can 
be controlled by radiation from electrically 
heated wails. Temperature of the air can 
then be lowered and a remarkably uniform 
temperature within the room is secured. 
p. 467-71 


IxcrEasED complexity of high speed 
transmission line relays makes low voltage 
testing more difficult. As a result, staged 
tests involving an artificial short circuit on 
the high voltage line have many advantages. 
The procedure in making staged tests has 
been carefully worked out. p. 471-4 


EvecrricaL shock causes muscular 
contraction of the heart and if heart action 
is not stopped entirely, fibrillation may be 
induced. Experimental work has demon- 
strated conclusively that normal rhythmic 
functioning can be restored in many cases 


‘by the application of a high voltage coun- 


tershock. p. 475-7 


For. consumption of an existing gener- 
ating station has been considerably reduced 
by the installation of a new boiler and high 
back-pressure non-condensing turbine which 
exhausts into the present turbines. In- 
cluded in the electrical and mechanical 
changes are a supplementary oil burning 
system and the welding of pipe joints. 
p. 481-6 


Lerrers to the editor continue to 
be submitted by members and cover 
a variety of interesting topics. p. 
509-11 


Turovucn continued research, sub- 
stantial progress has been made in 
mitigating the damaging effects of 
lightning on electric power lines. 
p. 448-9 


Awarp of prizes for Institute papers 
to 3 members of the Institute has been 
made by District 8 for papers presented 
during the calendar year 1932. p. 594 


Discussions of the papers pre- 
sented before the Schenectady, N. Y., 
meeting of the Institute, May 10-12, 
1933, are summarized in this issue. 
p. 506-08 


Motes of the annual meeting 
held on the opening day of the Insti- 
tute’s 49th summer convention, Chi- 
cago, Ill., June 26, 1933, are outlined 
in this issue. p. 504-05 


A\xnouncEeMENT was made of 
the election of 6 distinguished men to 
honorary membership in the Institute 
at the annual meeting held in Chicago, 
Ill., June 26, 1933. Only 9 other 
individuals hold the grade of Honorary 
Member, highest in the Institute. 
p. 595 


Larce numbers of carrier telephone 
circuits can be obtained from cable, 
as proved by experiments on an exten- 
sive installation of a 25-mile loop of. 
underground cable. Satisfactory trans- 
mission quality and adequate preven- 
tion of interference may be secured. 
pb. 477-81 


Discovery of X rays was made 
33 years ago; however, their nature 
remained unknown for 17 years. Now, 
they are useful in medical diagnosis 
and in the examination of industrial 
materials; they also are important in 
the biological field and in physical 
science. A popular discussion of X 
raysispresentedinthisissue. p. 486-7 


Format presentation of the Insti- 
tute’s Lamme Gold Medal for 1932 
was made to Dr. Edward Weston at 
the annual meeting, Chicago, TIIl., 
June 26, 1933. Another Institute 
member, N. W. Storer, has received 
another Lamme Medal, this one 
awarded by the Society for the Pro- 


motion of Engineering Education. 
p. 504 
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The Engineer 


“? A Century of Progress 


Emphasizing the effects of science and engi- 
neering upon the life of man, and the basic 
need for a better understanding of these 
effects throughout human society, Presi- 
dent Charlesworth in addressing the annual 
summer convention at Chicago urged engi- 
neers to take a greater part in all affairs 
affecting human welfare. That the message 
may reach the entire membership, the full 
text is published herewith—The Editors. 


By 
H. P. CHARLESWORTH 


President A.|.E.E. 


W. ARE gathered here at Chi- 


cago this week not only to participate in our usual 
summer convention, but also in a coming together 
of the greatest conclave of engineers of our own and 
other professions that ever has assembled or that 
may assemble again for many years to come. The 
occasion of this assembly is in a sense a celebration 
of a century of progress so admirably portrayed by 
the wonderful monument to human advancement 
that has been spread out along the shores of Lake 
Michigan, through the courageous efforts of the 
people of Chicago in honor of the centennial of the 
incorporation of Chicago as a village. 

It is an interesting coincidence to those of us who 
are electrical engineers that electrical science is 
approximately the same age as the City of Chicago. 
It was just 100 years ago that Faraday in England, 
Henry in the United States, and other great scientists 
building upon the work of Ohm, Ampere, Oersted, 
and others, were completing the foundation of 
fundamental principles upon which have been erected 
the vast fabrics of applied arts and industries which 
are the concern of the electrical engineer today. 

The wonderful exhibition here in Chicago, aptly 
termed ‘‘A Century of Progress,’’ presents the prog- 
ress of man during the past century in particular. 
It is most fitting, therefore, that we should find here 
gathered together engineers and scientists from all 
parts of the world, especially when we recall the 
great contributions to this progress made by them 
individually and collectively. What is more im- 
portant, however, is that we are, I believe, con- 
sciously or unconsciously, carefully weighing the 
progress which has already been made to the end that 
we may gain courage to carry us through our present 
difficulties and inspiration to plan for still greater 
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achievements in the future, not alone in the material 
things of life, but also in the broader aspects of 
human advancement. 

During the past 50 centuries or so of historical 
time and throughout the unnumbered centuries that 
preceded them, the story of mankind has been pri- 
marily a struggle for existence. We need go back 
only a comparatively few years to observe the 
scarcity of machines and mechanical aids that were 
available. Indeed, using his hands alone, the aver- 
age man had to work from early morning often far 
into the night merely to provide food, clothing, and 
shelter. Today, this average individual has ma- 
terial comforts that not so long ago would have been 
the envy of the favored few. 

Surrounded as we are with safe and comfortable 
modes of living, it is difficult to appreciate ade- 
quately the status of mankind during that earlier 
period. Yet, it is essential that we should vividly 
picture his trying existence if we are fully to ap- 
preciate the degree of our progress and the relative 
unimportance of some of the hardships resulting 
from our present difficulties. To draw our com- 
parison properly we must study carefully the life of 
the masses of people in the earlier centuries, and thus 
secure some picture of the hardships of living, often 
in isolation with no ready means of transportation or 
communication, with heat and shelter depending 
upon the crudest facilities, sustenance often on 
single crops subject to the vicissitudes of the weather; 
with life as a whole frequently controlled by the 
whims of a despot or warring factions. An existence, 
therefore, for the average man much like that charac- 
ter in Grecian mythology who, in the Lower Regions, 
was condemned eternally to roll the stone of forlorn 
hope up the steeps of despair. 

How different the picture as we contrast these 
earlier conditions with our present state of civiliza- 
tion, and contemplate what has been accomplished 
in improving our existence and removing drudgery 
from our daily tasks. We cannot fail to recognize, 
therefore, that, during the past century in particular, 
science more than any other single factor has in- 
fluenced human affairs and added to the opportuni- 
ties for a broader and happier life. 

In spite of this evidence on every hand of real 
benefit which mankind has secured through the 
progress of science and engineering, we occasionally 
find arising in some quarters, and particularly under 
the difficult times through which we have passed, 
a fear of science and its effect upon us. We hear 
that there should perhaps be a holiday in the field of 
research and in the new applications of science. 
To any intelligent and thoughtful person it is evident 
how foolish and vain both these points of view are 
and I think we may view with satisfaction the fact 
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that we have been in no way influenced by these 
false premises, but rather that we have adhered 
steadfastly to the sound principles upon which our 
progress has been based. : 

We know full well that we cannot set up arbitrary 
or effective bars against man’s curiosity of the un- 
known, or the researches which follow from that 
curiosity, nor can we long delay the introduction of 
things which man believes to be valuable additions to 
his social life. Furthermore, from our own experi- 
ence, we have seen ample evidence, and there are 
constantly spread out before us many examples of 
the fact that such advances should not be retarded 
but on the contrary, ate the very instrumentalities 
upon which our future progress must be based. — 

It is true, of course, that we have been passing 
through difficult times and have experienced during 
the past 20 years 2 of our greatest catastrophes, 
namely the World War and the present world-wide 
industrial depression. We find ourselves today in a 
world which has experienced undue privation and 
want, full of anxiety and uncertainty, and here and 
there in actual discord. Perhaps it is not surprising, 
therefore, that some have questioned: ‘Has this 
really been a century of progress?” However, I am 
sure that there is ample proof that the present crisis 
from which we are emerging cannot wipe out the 
experience of a century of lessons or the real measure 
of our progress which is to be derived therefrom. 

Progress is defined as ‘‘a moving or going forward, 
an advance toward better or ideal knowledge or 
condition or that conceived of as better.’’ In other 
words progress is an advance toward a goal and in 
order to determine whether or not progress is being 
made, it is necessary first to define our goal. I 
believe that there is general agreement that the goal 
toward which mankind is striving is an increase in 
human happiness in its broadest sense. Our goal 
remains poorly defined, however, until we express in 
some more concrete way the conditions that are 
expected to lead to the greatest happiness of all 
mankind. One would be bold, indeed, to attempt a 
detailed definition of this matter which has to do with 
so many factors concerning the whole relationship of 
man to man and of man to his environment. May I 
venture, however, the suggestion that this involves 
primarily three things: first, the easy provision of 
the necessities of life, including among necessities the 
things commonly used by the social group; second, 
a sense of security obtained by minimizing the 
number and extent of those catastrophes which 
destroy or disrupt human life; and third, the ca- 
pacity and opportunity through leisure for apprecia- 
tion of the world and of the people and things in it, 
with the development of character and culture. 

Now I think, particularly in view of the history of 
recent years, it must be admitted that the progress 
made in the last century, as thus broadly defined, 
has by no means kept pace with technological ad- 
vances. The applications of science have opened 
opportunities for increased comforts, for decreasing 
the number of hours of labor required for producing 
the necessities of life, and for providing the surplus 
productivity which should lead to security and give 
men the leisure in which to develop and exercise the 
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capacity of appreciating the world in which they 
live. As I see it, the difficulty is that these rapid 
developments in the material things of life naturally 
require the continuous adjustment of society, and up 
to the present time social reorganization has not kept 
pace with our material advances. 

This is not a condition of recent years alone. It 
appears to have been a chronic condition of society. 
It involves many factors, among which is a lack of 
appreciation of what science is accomplishing for 
mankind. This can be illustrated in many ways, 
as for example, by the opposition with which many 
important advances have been greeted, particularly 
in earlier days. Developments that are evidently of 
great benefit to mankind, in one way or another, 
repeatedly have been opposed even by those who 
should be in the best position to realize the ultimate 
advantages of the new device. We smile when we 
read a 17th century protest against the “large 
coaches’? which were about to be placed in service 
between London and York and which would carry 
as many as 18 passengers and would make the trip of 
175 miles in 4 or 5 days. We note “‘the vast amount 
of employment those eighteen persons would give to 
grooms, farriers, innkeepers, hostlers, saddlers, etc., 
if each were to rise his own horse instead of adopt- 
ing the revolutionary practice of clubbing for a 
common conveyance.” Again, we recall with inter- 
est, that when attempts were made to introduce the 
saw mill in England they were opposed violently; 
yet we know that soon it became recognized that 
through its use human effort could be conserved, 
new products looking toward human comfort could 
be provided at reasonable cost, and through the 
diversity of the mill the opportunity for employment 
actually be increased. And so might be cited similar 
examples in every phase of our industrial progress. 
Fortunately, with a growing understanding of what 
science is accomplishing there has been less opposi- 
tion and material progress has been possible but 
other serious problems have presented themselves. 

While, therefore, any well considered study of our 
advancement particularly in the past century, cannot 
but lead to the conclusion that science and invention 
have been the life blood of our progress, it must be 
recognized that during this period science has in- 
jected into human life a multitude of factors with 
which our forefathers did not have to deal, but with 
which we and our successors must reckon. The 
sooner we approach a better understanding of these 
factors and how to deal with them in an intelligent 
and forward-looking manner, the sooner will we make 
for real progress in the broader problems that con- 
front us. In other words, we must recognize and 
understand these new factors so as to weave them 
properly into our social structure. The application 
of science is placing in the hands of individuals, and 
of nations, vast powers for good or evil, far greater 
than those of any earlier century. Hence, the pace 
of humanity, in any direction in which it is advanc- 
ing, constantly quickens. With this has come an 
increase in the complexity of social relationship 
brought about through a closer and closer inter- 
dependence of the different parts of the world. 

All this, it seems to me, must have an important 
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bearing on the work of the engineer. In the earlier 
days, we find the scientist and the engineer working 
in a large measure in isolation, and working, in turn, 
on the many phases of a problem often not too well 
defined. As time progressed, and to an increasing 
extent during the past century, we have found large 
groups coming into existence for the study and fur- 
therance of research and engineering. Today the 
modern research or engineering problem is being 
approached by a group attack; that is, the problem 
is being defined as far as practicable and specialists 
in their respective fields are being assigned to its 
various parts. And so we find the engineer depend- 
ing to a greater and greater extent upon his fellows, 
not only in his own profession, but also in the other 
branches of the arts and sciences. Not only is this 
true in industry itself, but in order that their work 
may be carried on effectively and to the end that 
they may be qualified and keep in step with the rapid 
progress experienced particularly during the last half 
of the past century, engineers have had a greater and 
greater tendency to come together into great organi- 
zations such as our own society. In more recent 
years we find a growing recognition that not only 
must we be banded together in our own profession, 
but there must be a growing tie between engineers 
generally. Thus came into being the American 
Engineering Council and similar organizations which 
already have done so much for the profession and 
for the nation. 

As I view the situation, however, these activities 
alone will not be sufficient. We must be prepared 
to take an even greater part in public problems and 
to assist in the affairs of society generally through 
daily contacts as citizens of our communities and 
of the nation. In some respects the engineer seems 
to me to be in a position to make a special contribu- 
tion. He should have a clear perception of the na- 
ture of the revolutionary technical changes through 
which the world is going, of their effect on human 
life and on the social problem. Furthermore, if he 
has, as he should have from his training, developed 
the scientific habit of thought, that is, approaching 
the problem from the standpoint of determining the 
facts and reasoning from those facts to the conclu- 
sions, he should be able to bring something of real 
value to bear upon the problems of social reorganiza- 
tion. He has come to realize through years in the 
hard school of experience that things cannot be 
taken for granted, that the best way of doing a thing 
today may be far from the best way of doing it 
tomorrow. 

The social problem involves all the people and its 
solution requires the continuous effort of men of all 
vocations who can contribute to it. As I see it, 
therefore, in embarking upon our work of the next 
century we should find the engineer not only working 
in closer association with his fellows in the field of 
science and engineering, but, if he is to prove of 
greatest usefulness, also developing a closer associa- 
tion with other groups of society. To the extent 
that we effectively recognize these new responsibili- 
ties and opportunities, we will, I am sure, make still 
greater contributions to the benefit of mankind. 
As we enter upon these broader responsibilities of our 
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profession, we should proceed with characteristic 
purposefulness, always remembering, however, that 
in many cases our greatest help can be by contribu- 
tions within the limit of our knowledge and experi- 
ence, rather than attempting alone to direct in fields 
where considerations beyond the scope of engineering 
must weigh heavily in the final decisions. 

Opportunities for constructive help present them- 
selves on every hand, particularly in times like the 
present. Basically there is need from the very 
beginning for a better understanding of the effects 
and results of science and engineering on our daily 
existence. We who have made this our life work are, 
it seems to me, in the best position to foster a real 
understanding of what science is and what it reason- 
ably can be expected to accomplish or not accom- 
plish and the methods by which those results can be 
employed most effectively. This greater knowledge 
is necessary not only to scientists and engineers, but 
also to those who make up society generally. It 
seems to me, therefore, that this becomes one of our 
fundamental responsibilities. 

To appreciate the importance of the broader 
understanding, we have but to look about us and 
consider what has been going on in many fields 
where a full recognition of the effects of science has 
not been taken into account. Despite the rapid 
progress that has been made and the marked effect 
which new developments, that can often be foreseen, 
may have on products or procedures, we often have 
seen planning and financing carried on year after 
year without a recognition of the effects which 
these rapid changes have on industries or individual 
projects in question. In many industries based on 
science it has been found to be as important to know 
about their research or engineering organizations and 
of the attitude of the management toward these 
activities as it is to know about their financial status. 
Again, in the case of agriculture for example, we 
often have seen efforts being directed toward greater 
and greater production of a given product of the 
soil when overproduction as a whole already was in 
evidence. Too many great undertakings have been 
carried forward without reflecting adequate advance 
planning; and conversely, other projects that have 
had a full measure of such consideration devoted to 
them stand out as marked examples of the value and 
importance of such an approach. 

Not only can the engineer be helpful in those 
matters in which his profession is directly concerned 
but also in the broad problems which today confront 
our nation and the world. Many of these do not 
involve engineering matters, but nevertheless do 
require the same careful planning and foresight 
which enter into our daily engineering undertakings. 
If, in our individual capacities as good citizens, we 
can apply some of this attitude of mind and instill 
in others the importance of this approach to some of 
these problems, I am confident we can make contri- 
butions of great value in these broader fields as we 
have in the fields of science and engineering. The 
need for some such approach to the problem is all 
too evident when we consider some of the spectacular 
proposals which, although based on such an utter 
disregard of fundamental facts, are submitted from 
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time to time as cure-alls for the troubles of the world. 

Gradually through a general understanding of 
science and the application of the principles of 
straight thinking to some of our broader problems, 
we should be able to make progress in the field of 
social organization as man has in the material as- 
pects of human advancement. That we should be 
able to make this broader progress, I believe there 
can be no doubt, for, in the recent words of President 
Roosevelt, ‘Certainly the human intelligence that 
has accomplished the industrial and cultural results 
displayed at your Exposition need not fall short of 
devising methods that will insure against another 
perilous approach to collapse such as that from 
which we are now emerging...... The advance of 
science and the evolution of humanity and charity 
made it known to us that whatever is the result of 
human agency is capable of correction by human 
intelligence. Who is there of so little faith as to 
believe that man is so limited that he will not find a 
remedy for the industrial ills that periodically make 
the world shiver with doubt and terror?”’ 

As I have indicated already, there is opportunity 
for the engineer to make substantial contribution to 
the advance of this side of our social welfare. That 
he may prepare himself to take this broader responsi- 
bility, he must, as I see it, adjust himself to an even 
broader viewpoint, and acquire a more intimate 
knowledge of the economic forces and social problems 
of our daily life, than he has in the past. That he 
will be able to do so I have no doubt. As our 
engineering educators so wisely have appreciated, 
this trend also must be fully reflected in the training 
of the younger men who are to become the leaders 
in the future. If we thus can make progress toward 
a better equilibrium between our technical and social 
knowledge and reflect its effect upon the advance- 
ment of society generally, then I believe we may 
look with real hopefulness to a nearer approach to 
our goal of progress as previously interpreted. 

The development of culture requires leisure from 
the struggle for existence, and such leisure gives us 
opportunity in turn for the development of things 
of the mind and of the spirit. At various times in 
history, periods of culture have been experienced. 
Often, however, this has come about through oppor- 
tunity for leisure for the few by imposing drudgery 
on the many. Can we not look upon science, how- 
ever, coupled with a proper utilization of the prod- 
ucts of science, as the medium through which we 
now may secure a reasonable degree of leisure for 
the greatest number? With this, no doubt, comes 
the added advantage of tending not toward lack of 
initiative coupled with that leisure, but toward 
creation of leisure through initiative itself. May we 
not then feel that we have really built on a firm 
foundation for progress? 

If we of the engineering profession, working in full 
cooperation with all other groups of society, can 
contribute in some measure to this further progress 
of mankind, we may justly take pride in the service 
we render and feel with satisfaction that again we 
have widened our sphere of social responsibility. 
Society, I believe, has come to expect of us a devotion 
to the truth wherever the facts may lead us and an 
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aim toward unbiased judgment. We should safe- 
guard this trust which is placed in us and continue 
our efforts along those channels of endeavor wherein 
we may be of greatest help, and in those fields where 
we are best qualified to advise, to the end that we 
always may be of greatest service to society as a 
whole. If we can so govern our efforts in the period 
ahead and broaden our knowledge and approach to a 
better molding of the social and material sides of life, 
we will have done our part in making the world a 
better and happier place for our fellowmen and will 
reap the satisfaction that comes to all of us from 
worthwhile endeavor. 


The Romance of 
Lightning Research 


In this brief discussion Mr. Lee in his 
characteristically interesting manner out- 
lines what engineers have accomplished in 
mitigating the damaging effects of lightning 
on electric power transmission lines. Al- 
though all problems have not yet been 
solved, substantial progress has been re- 


corded. 


By 
EVERETT S. LEE General Elec. Co., 
FELLOW A.|.E.E. Schenectady, N. Y. 


I. STUDYING the papers for the 1933 
A.I.E.E. winter convention, with particular refer- 
ences to the symposium on insulation coordination, 
the session on lightning, and the session on the 
measurement of surge voltages, one is impressed by 
the great difference between the situation today and 
in 1925, which may be taken as the year when began 
the last romance with lightning by electrical engi- 
neers. 

That was the year of many storms, made memor- 
able by the wreck of the dirigible, ““Shenandoah.”’ 
In that year occurred the troubles described by 
Sindeband and Sporn in the first paper of the series 
of which Mr. Sporn has presented another. (‘‘Light- 
ning and Other Experience With 132-Kv Steel 
Tower Transmission Lines and Its Bearing on 
Tower-Line Design From the Continuity of Service 
Standpoint,” A.I.E.E. Trans., v. 45, 1926, p. 


A discussion of papers on “‘lightning’’ presented at the A.I.E.E. winter con- 
vention, New York, N. Y., Jan. 23-27, 1933. Not published in pamphlet form. 
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770-90.) In that paper the authors say in their 
characteristic way: 


“While these troubles were occurring, it was impossible to get any 
accurate data as to what was happening. Lines were flashing over, 
insulators were being shattered, the conductor was being burned, 
the field forces were too busy trying to place the line in an operating 
condition with minimum delay to be able to give very much atten- 
tion to the details of what was happening. Things were happening 
so thick and fast that there was no opportunity to stop and consider 
the matter calmly. With the approach of the end of the lightning 
season a little more time could be taken to determine what had 
actually happened to make an intelligent analysis.” 


This graphic description undoubtedly finds a human 
response within all who at one time or another have 
found themselves in the midst of kindred troubles. 

Coincidently with the need for analysis, which was 
evident generally, came the necessary tools, for in 
the A.I.E.E. TRANSACTIONS of 1925 may be found a 
paper (‘The Klydonograph and Its Application to 
Surge Investigation,” v. 44, p. 857-7 1) delivered by 
Cox and Legg at the 1925 summer convention, 
Saratoga Springs, N. Y., telling of the klydonograph 
and the use of Lichtenberg figures as a means for 
measuring surge voltages. At the same convention, 
McEachron and Wade gave their paper (“Study of 
Time Lag of the Needle Gap,” A.I.E.E. TRANS., 
vy. 44, 1925, p. 832-42) describing the application 
of the cathode ray oscillograph to time-lag studies of 
spark gaps technique in the same field. 

Then started the romance of the engineers with 
lightning, and the wooing was furious. Out into 
the field they went on many different systems— 
east, west, north, and south, equipped with devices 
advancing year by year. Klydonographs and surge 
voltage recorders were dotted thickly along trans- 
mission lines to measure the voltages there. Up 
went the recorded voltages—1 million, 2 millions, 
2 millions, 5 millions. The cathode ray oscillograph, 
laboratory instrument of the scientists, was taken 
out into its mountain home to await the coming of 
the lightning which the observers prayed would come 
in abundance and which the operators prayed would 
stay away with its devastation. But it did come and 
the cathode ray oscillograph, waiting, revealed the 
wave form of the voltages measured by the surge 
voltage recorders. This brought microseconds into 
the picture and engineers talked glibly on one micro- 
second and 10 microseconds, while yesterday and 
today standardizations of these values are discussed 
with no more hesitation than the standardization 
of volts and ohms and amperes and degrees. 

The romance continued. With the measurements 
of lightning voltages came the need for rating the 
severity of lightning, so the storms were counted, 
and the lightning severity meter was devised and 
used. Then came the wish to know more about the 
currents involved, and the lightning stroke recorder 
was developed; more instruments appeared along 
the transmission lines; talk of 50,000 and 100,000 
amperes became common. Coming now to the 
1933 winter convention, in the paper by Lewis and 
Foust (‘Lightning Investigation on Transmission 
Lines,’ A.I.E.E. TRANS., V. 52, June 1933) is 
found an intensive study of the tower currents from 
lightning stroke recorders and a new instrument re- 
ferred to, the surge-crest ammeter (G. E. Rev., 
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v. 35, 1932, p. 644-8) used for an extension of that 
work. 

With the gathering of all these data and the inten- 
sive analysis accompanying them, transmission engi- 
neers began to talk of new schemes, the counter 
poise came into the picture to supplement the ground 
wire; lightning protection wires appeared; and 
through it all, the ground wire of old rode safely 
through the storm, being rendered even more ef- 
fective by these devices. 

New words came into prominence—rationaliza- 
tion and coordination—and now these are subjects 
for standardization. Direct strokes and induced 
strokes became subjects of conversations, papers, 
and discussions; today the knowledge of these is 
more certain, though apparently not yet subjects 
for standardization. 

Turning again to the experiences recorded by Mr. 
Sporn, unlike those related in the 1926 paper, there 
is found in his 1932 paper (‘Lightning Experience 
on 132-Kv Transmission Lines of the American Gas 
and Electric Company System,’ A.I.E.E. TRANS., 
v. 52, June 1933) these words: 

“The fact that comparatively few insulators, burned conductors, 
or hardware have been observed, and rarely of sufficient importance 
to require servicing, shows that the arcing protection has been very 
effective in preventing severe damage to the line. The protection 
afforded by the rings to line insulators is in line with prediction and 
past experience. 

“During the 3 years’ operation, 1929-80-31, no trouble from 


lightning on the 132-kv lines has made necessary holding the line 
out of service longer than the time necessary to,reclose the switch.” 


These are some of the results of the work which 
came after intelligent analysis. Of course, all prob- 
lems have not yet been solved, but progress made 
toward that end is believed to be on a substantial 
basis. 

In looking over some of the reports forming a basis 
of these papers, the following tabulation was found: 


Year Year 

OD ae ee LOO) 1930 eee Nae LOU 
O98 eee to Aes LOO. IRC RHR era va 0) 
1000 eee Ol. 1O8D4 | 2.2ac eae O. 


No, these are not stock market indexes; they are 
storm severity records for one of the large trans- 
mission systems of the East based upon storm re- 
ports and line operation. Similar figures given by 
Mr. Sporn for his system do not show the same 
relative severity decrease in the last 2 years, even 
though his line performance record shows more 
satisfactory attainment. These data are a necessary 
part of the whole picture in order that proper credit 
may be given to the design of the line and associated 
apparatus throughout in view of the line performance. 
There is still much room for advance in the design 
of instruments for recording lightning severity, 
and though the problem is difficult, and the expense 
great, it is to be hoped that success in this regard 
ultimately will come. 

Through all of this romance, there have been 
brought before many A.I.E.E. meetings and con- 
ventions the results of those who have worked so 
wonderfully and so effectively in this field. Their 
reward is their satisfaction of a work well done; 
at the same time due credit should be given the 
Institute which has made this forum possible. 
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Deterioration of 


94-Kv Power Cables 


The radial variation in electrical and chemi- 
cal characteristics of cable insulation be- 
tween conductor and sheath has been in- 
vestigated by a new method whereby the 
power factor and the total oxidation products 
in the oil are determined for the individual 
layers of paper tapes. The results of this 
investigation applied to several types of 
service aged cable are reported in this 
article. 


By 
K. S. WYATT 


ASSOCIATE A.I.E.E. 


E. W. SPRING 


MEMBER A.1.E.E. 


C. H. FELLOWS 


NON-MEMBER 


All of The Detroit Edison 
Company, Detroit, Mich. 


F eon: the time that an oil and paper 
insulated high voltage cable is placed in service 
underground a gradual deterioration of the insula- 
tion takes place which manifests itself in an increas- 
ing dielectric loss. Knowledge of the causes of the 
deterioration has appeared important because the 
increasing dielectric loss, besides representing an 
economic loss, is a threat to the service life of the 
cable. Little exact information has been obtained, 
however, because of the great difficulty attending the 
precise measurement of physical and chemical 
changes in the oil, rosin, and paper of cable insula- 
tion. 

The conception that deterioration of the insula- 
tion occurs non-uniformly between sheath and con- 
ductor and that such non-uniformities might yield 
a clue as to the origin and nature of deterioration led 
to the development of 2 new procedures for measur- 
ing the electrical and chemical characteristics of 
aged insulation in a radial direction, layer by layer, 
from sheath to conductor. The first necessitated 
the design and construction of a cell for measure- 
ment of power factor of individual paper tapes. The 
second was the determination of oxidation products 
in the oil from individual paper tapes. 

The power factor cell, shown in Fig. 1, consists of 
a heavy rectangular brass box 18 in. in length in 


Based upon “A New Method of Investigating Cable Deterioration and Its 
Application to Service Aged Cable’’ (No. 33-82) presented at the A.I R.E 


summer convention, Chicago, IIl., June 26-30, 1933, 
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which are mounted a high voltage electrode and a 
movable active electrode with guard assembly. 
Resistance heaters installed in the slotted sidewalls 
enable measurements to be made at elevated tem- 
peratures. Openings at the ends provide for the 
insertion of a cable tape folded in two. A stress of 
50 volts per mil, a temperature of 60 deg C, and an 
inter-electrode pressure of 6.4 Ib per sq in. have been 
adopted as standard. Readings require 2 min per 
tape. The instrument is rapid, accurate, and de- 
pendable, and is well suited to routine work. 

The method of measuring oxidation products 
in very small quantities of oil utilizes the spreading 
characteristics of oxidized oils on a water surface, 
and is known as the hydrophil test. The oil is 
extracted from a few inches of paper tape by means of 
benzol. The spread of a given volume of the benzol 
solution is determined on an Adam ’s film pressure 
balance, and by determining the concentration of the 
benzol solution the percentage of oxidation products 
may be calculated. The method is extremely sensi- 
tive. The results agree far better with electrical 
measurements than those of acid number determina- 
tions. 

With the aid of the methods mentioned above, 
some 30 samples, selected from 3-conductor 24-kv 
H-type cable, new and aged, have been investigated 
in a radial direction. All were impregnated with 
straight mineral oil unless otherwise stated. Typical 
results on service aged, acceleratedly aged, and new 
cables are given in Figs. 2, 3, and 4, respectively. 
No wax was found in any of the latter cables when 
they were dissected. The service aged cable was 
manufactured in 1927, and had been in service one 
year. A general similarity between the power fac- 
tor and oxidation curves may be observed. 

The curves of Fig. 3 were obtained from cable of 
1930 manufacture. The sample tested was cut from 
the center section of a 45-ft length which had been 
on accelerated aging under continuous double operat- 
ing voltage for about 2,700 hours. During the 
initial heating and cooling cycles a small amount of 
compound leaked from one pothead. The high 
values for oxidation products and power factor at 
conductor and sheath therefore might be explained 


Fig. 1. 


Cell for measurement of power factor of 
Paper tapes 
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on the basis of air leakage at the pothead, along the 
copper conductor and along the filler spaces, followed 
by radial penetration of the insulation. 

In contrast to the results obtained with service 
aged cables, the radial power factor and hydrophil 
curves for new cable of 1931 manufacture (Fig. 4) 
are flat. From all these curves it is clear that de- 
terioration of cable insulation in a radial direction is 
non-uniform, and that the form of the radial curves 
may give some clue as to the nature and cause of such 
deterioration. 

In most cable samples all 3 conductors were 
examined for uniformity as to radial characteristics. 


E 
as 
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H-type cable, a double U-shaped curve (one U- 
shaped curve for the core and another for the belt) 
has been obtained on the several samples so far ex- 
amined as both power factor and hydrophil curves 
are plotted from conductor to sheath across the 
core and belt insulation. Both power factor and 
hydrophil values for the belt are lower than for the 
conductor insulation. This difference may be due 
either to the lower temperature which is experienced 
by the belt tapes, since the conductor tapes pass near 
to the center of the cable where the temperature is 
highest, or to the different grade of paper which is 
usually used for the belt insulation. 


Figs. 2, 3, and 4. 
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The results for the 3 conductors of a 1928 mineral 
oil cable aged one year in service are shown in Fig. 5. 
In addition to radial power factor and oxidation 
curves, the amount of wax present in the insulation 
is indicated as estimated by visual examination. In 
this case the hydrophil curves do not explain the 
power factor curves as well as in the previous ex- 
amples given. The explanation appears to be that 
in addition to oxidation another aging factor is pres- 
ent, namely, ionization. This is borne out to some 
extent by the curves for conductor 1, where the least 
correspondence is apparent between hydrophil value 
and power factor, but where ionization as indicated 
by the wax deposits has occurred with considerable 
intensity uniformly from conductor to sheath. The 
effect of ionization appears to have been to raise 
the middle portions of the power factor curves for 
conductors 2 and 3 from about 1.2 per cent to about 
2.2 per cent. In any case the general level of power 
factor of conductor 1, where wax is in abundance 
throughout the insulation, is higher than in the 
other conductors where no wax is present in the 
middle portion of the insulation. 

It should be noted in Fig. 5 that the character of 
the deterioration is different in the 3 conductors. 
This observation is true for a number of other 
cables which have been examined. 

The radial method has also been applied to cables 
of the belted type. Instead of the single U-shaped 
curve between conductor and sheath often found on 
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On older type cables, manufactured previous to 
1920 and in service over 10 years, the power factor 
curves which have been obtained are roughly U- 
shaped, and of very high value. It is not unusual 
to find the 60 deg C power factor as high as 10 per 
cent at the lowest point and rising to over 15 per 
cent at conductor and sheath. 


DISCUSSION 


There is little doubt that the hydrophil curves in 
Figs. 2 to 5 represent oxidation of the insulation. 
The question now arises as to the source of the 
oxygen. There are 5 possible sources: air vlett 
in the oil or insulation at time of manufacture, air 
drawn in at time of installation, air breathed in at 
porous joint wipes or at imperfections in the lead 
sheath during load-cycles, moisture due to imperfect 
drying which might be resolved by electrolysis, or 
the cable paper itself. Considering the paper first 
it might furnish oxygen to the oil in 2 ways, 
either by splitting off oxygen from the cellulose 
molecule through the agency of ionization, or by solu- 
tion in the oil of lignins, resins, and associated ma- 
terials which are present in small amounts in most 
cable papers. Experiments appear to show that 
cathode ray bombardment of oil impregnated paper 
in vacuum does not produce oxidation of the oil as 
a result of disruption of the cellulose molecule, but 
that the oxygen-containing materials such as lig- 
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nins, which are present in the cable papers, may be 
attacked and go into solution in the oil under bom- 
bardment. It is possible that under severe 1on1za- 
tion they may increase the hydrophil content as 
much as one per cent. The effect of these materials 
is to promote oxidation of the oil when air is present, 
and probably to lower the resistivity. 

Air occluded in the cable during manufacture or 
installation, or breathed in at porous joints or leaky 
potheads during operation, is believed to be the 
principal cause of the oxidation exhibited by the 
radial hydrophil curves. There is some supporting 
evidence for this point of view. First, it is common 
experience that water can penetrate 50 or 100 ft 
along the filler spaces and between the conductor 
strands of H-type cable. Air should penetrate even 
farther than water; the layers of insulation near the 
sheath and near the conductor therefore could be- 
come oxidized, resulting in roughly U-shaped curves. 
It does not appear that these curves can be due to a 
slight a-c electrolysis of moisture in the insulation, 
because the shapes of the curves obtained on both 
H-type and belted cable are not consistent with such 
an explanation. Occasionally radial hydrophil 
curves were obtained in which oxidation had oc- 
curred at either the conductor or the sheath only, 
apparently showing that air which had penetrated 
along a single channel furnished the necessary oxy- 

en. Again, it has been found that a new cable 
which yielded a flat radial hydrophil curve when 
delivered, yielded a roughly U-shaped hydrophil 
curve after one year’s storage in spite of the fact 
that immediately after cutting of the original sample 
the cable end had been meticulously sealed; see 
Fig. 6. A similar finding was made on another 
sample which had been similarly sealed and stored 
for one year, Fig. 7. In this case no measurements 
of the types here under consideration were made 
upon the cable as received but there is reason to 
believe that the hydrophil curves were flat. The 
radial power factor curve of Fig. 7 tends to confirm 
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the radial hydrophil curve and to indicate that some ~ 
change has occurred in the cable. The most prob- 
able source of the deterioration appears to be oxi- — 
dation due to inbreathed air. 

A more exact correspondence between radial power 
factor and hydrophil is not always obtained because 
the power factor is measured on a long piece of tape 
whereas the hydrophils are often measured on a 
shorter piece. Since deterioration is not always 
uniform along the length of the tape, it is obvious 
that the power factor values may be more representa- 
tive of the general deterioration than hydrophil 
values. 

In interpreting the curves which have been pre- 
sented, stress must not be placed upon the differ- 
ences in the absolute value of hydrophil content 
which will be seen from the figures to vary from 
cable to cable within rather wide limits without a 
corresponding change in the power factor values. 
It cannot be expected that a constant ratio will 
obtain between power factor and hydrophil content, 
especially when different cable compounds are being 
compared as in the work just described. The im- 
portant thing to watch for is similarity in character 
of the radial hydrophil and power factor curves. 

In comparing the radial power factor and hydro- 
phil curves, attention should be directed only to the 
correspondence of maximums and minimums, since 
the vertical scale of one or the other could be ad- 
justed to produce an unfair similarity. The same 
end might also be accomplished by varying the 
temperature of the power factor measurement; the 
low portions of the curve would not greatly change 
position with temperature, whereas the high portions 
would be sensitive to temperature variation. 

Effects of Exposure of Tape During Measuring.— 
The errors due to exposure of the paper tapes to the 
air in the interval between their removal from the 
cable and their measurement in the power factor 
cell have been studied. The effect of moisture and 
oxidation together was determined by hanging up 
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tapes in the laboratory atmosphere and measuring 
at intervals. The results on several tapes are given 
in Table I. The effect of oxidation alone was de- 
termined by placing selected tapes in a glass tube 
flushed out with carefully dried air. The results 
are given in Table II. The small change exhibited 
by sample 1 in Table II as compared with that of 
samples 2 and 3 may be explained on the basis that 
‘the latter were selected from a zone where intense 
ionization had taken place, resulting in the produc- 
tion of unsaturated hydrocarbons. The latter oxi- 


Table I—Effect of Exposure of Deteriorated Paper Tapes to 
Laboratory Atmosphere 


(Average Relative Humidity = 35 Per Cent) 


Total Elapsed Time 


of Exposure Samzle 1 Simple 2 
Hr Min 
0 (0) 2.6 2.8 
10) 5 2.6 2.8 
0 50 3.2 Byes 
27 10 10.2 10.8 
48 40 10.6 11.8 


Table II—Effect of Exposure of Deteriorated Paper Tapes 


to Dry Air 
Total Elapsed Time 
of Exposure Sample 1 Sample 2 Sample 3 
Hr Min 
0 0 2.4 1.2 2.7 
28 0 2.4 4.6 3.8 
37 30 Pres) 4.8 4.1 


- dize much more rapidly than the original oil. The 
effect of handling the tapes between the bare fingers 
cannot be detected by the power factor cell. 

From these data it may be concluded that ad- 
sorption of moisture is the major cause of increase 
in power factor when oil impregnated paper tapes 
are exposed to laboratory air, although oxidation 
also plays a part. Neither of these effects produces 
a measurable change within a 5-min period, so that 
the short exposure in unwrapping tapes from cable 
has no influence on the power factor measurement. 

The hydrophil and wax characteristics which have 
been plotted radially for these cables are not always 
sufficient to explain the variations in the radial power 
factor curve. For example, the radial power factor 
is sometimes found to turn upward near the sheath, 
whereas the hydrophil curve is flat, even when no 
ionization has been present. In such a case it is 
thought that the increase in power factor may be due 
to moisture adsorbed before the application of the 
lead sheath. It is regrettable that so far no method 
for moisture determination sensitive enough for a 
tape-by-tape investigation is available. 

Occasionally other deteriorating agencies may be- 
come sufficiently pronounced as to obscure any re- 
lationship between radial power factor curves and 
radial hydrophil and wax curves. Besides infiltra- 
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Fig. 6 (Left). Oxidation products of individual 
layers from conductor to sheath of a cable as received 
from factory and after one year's storage 


Fig. 7 (Right). Power factor and oxidation products 
of individual layers from conductor to sheath of new 
cable after standing reeled for one year 


tion of moisture, solution of copper in the impregnat- 
ing oil near conductor and shielding tape, which has 
been found to take place to a small extent in cables, 
may in certain cases affect the radial power factor 
curves. 

An irregularity is frequently noted in the hydro- 
phil curve within a few layers of conductor or 
sheath. This is thought to be due both to the 
dilution effect of the excess oil between the conductor 
strands, and to solution of traces of copper in the 
oil. The decrease in power factor of the second 
layer from the conductor is in some deteriorated 
cables marked. The effect is often found at both 
copper conductor and shielding tape in H-type 
cable, but only at the conductor in belted type. 

An interesting observation is that most of the 
oxidation products are concentrated in the oil within 
the paper tape rather than in the excess interlayer 
oil on the outside of the tapes. This is shown by 
separate hydrophil determinations on oil wiped off 
the outside of the tape, and on oil dissolved by means 
of benzol from within the tape. 


CONCLUSIONS 


Application of the radial method to a number of 
used cables leads to the following conclusions: 


1. Deterioration of cable insulation in a radial direction is non- 
uniform. 


9. A major cause of deterioration of solid-type cables in service is 


oxidation. Oxidation also causes deterioration of cable during 
storage in the cable yard. 


3. Leakage of air into and along the cable, either at time of installa- 
tion or during operation, and air occluded in the cable at time of 
manufacture, are probably responsible for the oxidation of the in- 
sulation. 


4, Ionization, as indicated by wax deposits, does not appear to 
cause sharp increases in dielectric loss. 


5. The deterioration of 3-conductor cables is frequently markedly 
different on 1 core than on the other 2. 


The new tools should prove of practical value in 
the study of a number of insulation problems. They 


453 


will be useful in determining the nature and source of 
the deterioration which goes on in cables in storage 
and in service, and how this deterioration progresses 
with years of service. They should also show the 
part that leaky joints and potheads play in causing 
deterioration and the remedial effect of oil reservoirs. 
They should throw new light on many abnormal 


Compensating Metering 
in Theory and Practice 


Outstanding economies can be effected by 
metering high voltage loads on the low 
voltage side of power transformers, a prac- 
tical method of which is described in this 
article. A compensating meter is used in 
combination with a watthour meter, both 
connected to instrument transformers on the 
low voltage side; accuracy is equal to, and 
sometimes better than, metering on the 
high voltage side. Caiculations illustrating 
the practical application of the method, and 
performance data for an actual installation 
are given. 


|, Weaeanreeiee of high voltage 
energy from the low voltage side of a power trans- 
former bank presents several advantages from both 
an engineering and an economic point of view. In 
general, the higher the voltage, the greater is the 
differential in cost between high and low voltage 
metering, and the greater is the economy if low 
voltage metering of the requisite accuracy can be 
provided. 

High voltage instrument transformer equipment, 
especially current transformers of suitable accuracy 
for metering, is particularly vulnerable with respect 
to damage by lightning and other disturbances. 
This applies mainly to suburban and rural territory, 

‘while in congested districts the space required for 
high voltage instrument transformers is frequently 
at a premium. 

Engineers both in the United States and abroad 
have given considerable thought to various methods 
of providing low voltage metering for measurements 
as of the high voltage side. The methods in use are: 


1. The application of compensating devices in the meter current 
and voltage circuits to correct for the ratio and phase-angle char- 


Full text of a paper (No. 33-87) presented at the A.I.E.E. summer convention, 
Chicago, Ill., June 26-30, 1933. 
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types of deterioration. In addition the new tools 
should be helpful in checking and improving the 
manufacturing processes. In all cases where de- 
terioration is experienced with thin laminated 
insulation as in cables, condensers, and transformers, 
application of the new tools should constitute a 
valuable diagnostic method. 


Philadelphia (Pa.) 
Electric Company 


By GEORGE B. SCHLEICHER 


ASSOCIATE A.1.E.E. 


acteristics of the power transformers. Complete compensation by 
this method is relatively complicated, and in practice the initial 
calibration and the periodic checking of the compensating devices 
are usually beyond the scope of the average meterman. 


2. Adjusting low voltage meters so that their registration includes 
approximate increments for transformer losses.! This method is 
used to some extent in Europe, but in the United States has been 
confined to statistical metering. A disadvantage of the method 
for billing purposes is that the meter does not record the true energy 
that passes through it. 


8. In step-down transformers, current transformers on the high 
voltage side with potential from the low voltage side of the power 
transformers; or potential transformers on the high voltage side 
and current from the low voltage side. The former includes core 
losses but omits copper losses, while the latter includes copper losses 
but omits core losses. Both methods give less than the true high 
voltage registration. 


4. Compensating metering, which has been developed to provide 
a practical commercial method of metering of accuracy equal to 
that of metering on the high voltage side. 


Losses in power and distribution transformers 
commonly are divided into iron and copper losses; 
the general characteristics of these losses for a 7.5-kva 
transformer are shown in Fig. 1. 

Iron losses consist of those due to magnetic 
hysteresis and those due to eddy currents, and are 
constant for constant voltage and frequency. With 
constant frequency, iron losses vary approximately 
as the square of the applied voltage; this has been 
verified by tests (see Fig. 2). Tests have been made 
also for the effect of temperature on iron losses, and 
this has been found negligible. Variations in fre- 
quency have an appreciable effect on iron losses; but 
in view of the stability of modern transmission and 
distribution systems, their effect is of minor im- 
portance. The tests have included also the effect of 
voltage variation on reactive voltamperes of the iron 
ioss (see Fig. 2), and in different transformers this 
has been found to vary as E*-> to E*!, in general 
approaching closely to H* (where E is the applied 
voltage). 

Age may have an effect on iron loss, but this 
applies only to transformers constructed prior to 
1915. Different manufacturers adopted non-aging 
silicon steel cores at different times but in general 
between 1905 and 1910. The present iron losses of 
these older transformers are generally greater than 
that shown by the original factory tests. 
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Test results of copper losses indicate that both 
watts and reactive voltamperes vary as the square 
of the load current. Because of the temperature 
coefficient of copper, however, these losses increase 
approximately 20 per cent with an increase in tem- 
perature from 25 to 75 deg C (see Fig. 1). 


PRINCIPLE OF COMPENSATING METER 


Transformer losses may be measured by a meter 
the registration of which at all loads is in accordance 
with the total loss curves of Fig. 1; such a com- 
pensating meter consists of an J? element calibrated 
in accordance with the copper loss, and an E” element 
calibrated in accordance with the iron losses of the 
transformer. Both elements are combined on the 
same shaft, which drives a register of the proper ratio 
to record the losses in kilowatthours. 

Figure 3 shows the general arrangement of a com- 
pensating meter that operates on the principle of the 
induction watthour meter. The lower element serves 
for the measurement of copper losses, and it is ap- 
parent that the currents in both the current and 
“voltage” coils are proportional to the load current; 
in the upper or iron-loss element both the voltage 
and “current” coils carry currents proportional to 
the applied voltage. The torques of the 2 elements 
therefore vary as J” and L’, respectively, and their 
cumulative effect is recorded by the register. 

In calibrating a meter of this type it is apparent 
that a definite current (for example, 5 amp) repre- 
sents by design a certain speed of the disk, which in 
turn represents a definite copper loss in watts for a 
given transformer. The value in watt-seconds for 
one revolution then may be calculated, and the 
required register ratio to record in kilowatthours 
may be determined.’ In practice the speed of the 
disk may be varied by adjusting the permanent 
magnets, and hence, the meter may be calibrated 
for use with standard register ratios (see sample 
calculations, Appendix A). 

In adjusting the iron-loss element at a given volt- 
age, the adjustable resistor is used. With no current 
in the copper-loss element, on the basis of the watt- 
second constant as determined for the copper-loss 
element, the upper element is adjusted for iron loss 
at the test voltage. 


300 


| TOTAL LOSS AT 75°C 
{ + 
TOTAL LOSS AT 25°C 
% ii 
t 200 f t - 
% BIE: | 
3 ese ae) ela | 
Zz CORE LOSS 
eR AtE ' 110 % VOLTAGE 
G 100 + + 100% VOLTAGE 
fo) | iL 90 % VOLTAGE 
=) = zi 23 meen sya 
| ane 
) 


50) 10 A 20 20 SO. Gol 80 90 100 10 120 130 


PER CENT OF RATED FULL LOAD CURRENT 
Fig. 1. Loss characteristics of a typical 7.5-kva 
distribution transformer 
Core losses vary approximately as the square of the voltage; 
copper losses as the square of the current. Effects of tem- 


perature on core loss are negligible; effects on copper loss 
are shown by the curves 
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Transformer losses on polyphase circuits may be 
measured by applying a number of single-phase 
compensating meters, or the several elements may 
be combined into a multi-element meter as in Fig. 4. 


ACCURACY CONSIDERATIONS 


In considering the accuracy of the compensating 
meter, 2 conditions require consideration: (1) the 
effect of temperature variations of the transformer 
on copper loss measurement; and (2) the effect of 
transformer voltage regulation on iron-loss measure- 
ment. While it is possible to design compensating 
meters to correct for these inaccuracies, it can be 
shown that their effect in terms of load-plus-loss is 
entirely within the accuracy within which it is 
possible to maintain watthour meters on high voltage 
circuits. It should be noted that the relation of 
loss registration to total energy is dependent largely 
upon the load, and with full load on a transformer 
the total loss generally will be less than 2 per cent 
of the load. It follows that even a 10-per cent error 
in losses would result in only 0.2-per cent error in 
load-plus-loss. At no-load, when the losses repre- 
sent the total high voltage load, the effect of voltage 
regulation is zero, and hence the iron loss measure- 
ment is accurate under this condition. 

Temperature Variation and Voltage Regulation. 
The higher operating temperatures in transformers 
are associated with higher copper losses, and there- 
fore it is advantageous to base the copper loss adjust- 
ment on a temperature at or near the full load 
operating temperature of the transformer. The 
75-deg C copper loss has been used as the basis of 
adjustment for all calculations, tables, and tests. 

The practical effect of both voltage and tempera- 
ture variation has been calculated for a wide variety 
of conditions in Table I, which shows the percentage 
error in terms of load-plus-loss for a 7.5-kva trans- 
former. In practice these errors will be less than 
those shown, since compensating metering generally 
would not be installed on transformers as small as 
7.5 kva. Voltage regulation curves for the trans- 
former considered are shown in Fig. 5, and Fig. 6 
shows the accuracy performance graphically under 
the condition of maximum error. 
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High Voltage Metering Performance. The perform- 
ance of high voltage metering is of interest as a basis 
of comparison. Figure 7 shows typical accuracy 
characteristics for 2 types of meters connected to 
modern instrument transformers. The curves are 
based upon perfect adjustment of the meters, which 
are adjusted to correct for instrument transformer 
errors at the 3 setting points. Commercial tolerance 
generally would be of the order of +0.5 per cent 
from the values shown, and therefore the actual 
performance obtained in service would deviate to 
some extent from the curves. Some variations would 
result also from minor differences in characteristics 
between different meters and instrument trans- 
formers. It should be noted that the measurement 
of iron loss alone, which occurs on a high voltage 
installation at times of no load, is only with con- 


Table I—Effect of Voltage Regulation and Variation in 
Operating Temperature on the Accuracy of Load-Plus-Loss 
Measurement for a 7.5-Kva Distribution Transformer* 


Per Cent Error in Load-Plus-Loss Measurement 
Per Cent Per Cent Power Factor 
Temp. Full-Load 100 80 60 30 60 


Deg C Current Lagging Lagging Lagging Leading 
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* Copper-loss element adjusted on the basis of copper loss at 75° C, and core 
loss on the basis of no-load voltage. 
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Fig. 3. Single-phase compensating meter and watt- 
hour meter connected on low voltage side of a 
power transformer 


Compensating meter consists of one E? and one |? element. 
The register records total losses in kilowatthours 
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siderable error. The. exciting current of modern 
transformers is of the order of about 2.0 per cent of 
the transformer rating, at power factors that may 
be as low as 10 to 20 per cent. A 10- to 20-per cent 
error in the measurement of iron losses alone on a 
high voltage installation is not unusual; and in 
some cases iron loss alone is not measured at all, 
since its value is less than the starting load of the 
meter (see Table II, Appendix B). 


PRACTICAL APPLICATION 


Consideration of the characteristics of high voltage 
customers’ loads has made possible a practical sim- 
plification of compensating meters for such service. 
While theoretically, one compensating meter element 
is required for each transformer in a bank, the con- 
siderations discussed under ‘‘Accuracy Considera- 
tions’ have made possible the development and use 
of a simplified form suitable for most commercial 
polyphase services. Such a meter consists of 2 I? 
elements and 1 E? element. A precaution with A- 
connected transformer banks is that the impedance 
and reactance characteristics of the three trans- 
formers must be alike so that there may be no circu- 
lating current? This may be checked by calcula- 
tion. Any bank in which there is an appreciable 
circulating current, however, is objectionable also 
from the point of view of transformer operation and 
should be corrected. If the transformers be such 
that the circulating current is negligible, the 2 
copper-loss elements can be calibrated for the total 
copper loss of the 3 transformers and the core-loss 
element for the total core loss of the 3 transformers. 
In a meter of this form, copper loss measurement is 
accurate for 2-phase and for 3-phase open-A trans- 
former banks, and core loss measurement is exact 
when the voltages are balanced. For 3-phase 
A-connected transformer banks the meter would be 
accurate for balanced load and voltage conditions. 
In commercial practice exact balance is rare; but as 
indicated under ‘‘Accuracy Considerations,’’ an error 
in loss measurement of even 10 per cent becomes 
negligible when considered in terms of combined 
load-plus-loss. ; 
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Fig. 4. Arrangement of compensating meter for 
complete loss measurement on a 3-phase 4-wire 
circuit 


Meter consists of 3 combined E? and |? elements, and uses 
3 disks which actuate a kilowatthour register 
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Fig. 6. (Right) Effect of 


voltage regulation and 


temperature on the accu- 
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As an example of an hypothetical case of an ex- 
treme condition of unbalance, a bank of 3 100-kva 
transformers (losses in accordance with sample calcu- 
lations, Appendix A) may be considered as carrying 
a single-phase load of 100 kva at unity power factor 
with no load on the other 2 phases. The condition 
of maximum error occurs when the load is connected 
so that the load current flows through both copper- 
loss elements. Under this condition the error in 
Joss measurement approximates +21 per cent, but 

in terms of load-plus-loss less than +-0.4 per cent. 
Conditions such as these rarely if ever would occur 
in practice. The errors indicated may be eliminated 
by providing compensating metering for each trans- 
former. It is apparent, however, that the magnitude 
of these errors would not warrant the installation of 
the more complicated metering arrangement. This 
example has been cited to indicate that such load 
unbalance as may be expected on polyphase services 
would not affect the accuracy of the combined load- 
plus-loss measurement beyond permissible limits of 
tolerance, even when a lighting load is connected to 
one phase of a 3-phase bank. | 


MEASUREMENT OF Loss DEMAND 


The maximum demand of the loss may be meas- 
ured with a demand meter by providing contacts for 
its operation or by the addition of standard maxi- 
mum demand devices. The maximum loss demand 
always will be coincident with the maximum load 
demand in kilovoltamperes, and if the load power 
factor be constant the loss maximum demand will be 
coincident with the maximum kilowatt demand. 
Customers’ power factors, however, are not neces- 
sarily constant, and theoretically it would be possible 
for a customer to have a maximum kilowatt demand 
of 20 kw at unity power factor (20 kva) and a maxi- 
mum kilovoltampere demand of 10 kw at 10 per 
cent power factor (100 kva). In practice, however, 
such conditions do not exist. Table 1V in Appendix 
B shows the relation of kilowatt to kilovoltampere 
maximum demands of 30 typical customers’ loads, 


together with the effect on accuracy of using the 


maximum loss demand instead of the simultaneous 
loss demand in determining the combined value for 
load-plus-loss. The maximum error noted was 
0.14 per cent, which is entirely negligible in the 
commercial measurement of maximum demand. It 
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Fig. 7. Characteristics of 2 types of watthour 

meters with instrument transformers for high voltage 
installations 


Curves are based upon perfect adjustment of the meters at the 

3 setting points at which the meter has been compensated to 

correct for instrument transformer errors. Note performance 

at extremely light loads at low power-factor, which condition 

exists when exciting current only is measured on 4 high voltage 
installation 


follows that the loss increment of maximum demand 
may be measured by applying a watthour demand 
register to the compensating meter. 


MEASUREMENT OF 
REACTIVE KILOVOLTAMPERE-HOURS 


Reactive kilovoltampere-hours of transformer 
losses may be measured with a compensating meter 
by calibrating it in accordance with the reactive 
kilovoltamperes of the core and copper losses. It is 
evident from Fig. 2 that the core-loss element should 
be adjusted at about the average operating voltage, 
since reactive voltamperes vary more nearly in 
accordance with the fourth power of the voltage 
rather than with the square as measured by the 
compensating meter. The error introduced into the 
determination of power factor is smaller than that 
introduced into the reactive kilovoltampere-hour 
measurement. For low power factors the reactive 
kilovoltampere-hours of the transformer losses will 
be a relatively small percentage of the total, while 
near unity power factor a much larger change in 
reactive kilovoltampere-hours is required for a given 
change in power factor. The errors introduced into 
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Fig.8. A single-phase compensating meter showing 
separate resistor assembly for core loss element 


Meter consists of one E? element and one |? element. Watt- 

hour demand register gives losses in kilowatthours and 

maximum loss demand in kilowatts. Resistor assembly serves 
for calibrating the core loss element 


the power factor determination would be within the 
limits of commercial tolerance except for conditions 
where the installed transformer capacity is much 
greater than the maximum demand of the load. 
Table V in Appendix B has been calculated for an 
assumed load factor of 25 per cent, and covers opera- 
tion at several power factors for various conditions 
of maximum demand as related to transformer rating. 
It should be noted that the errors shown are for a 
10-per cent difference between the actual average 
voltage and the voltage for which the meter was 
calibrated during the entire reading period. It is 
apparent that when the meter is calibrated at or 
near the true average voltage, the errors will tend to 
cancel. 


CALIBRATION AND TESTING 


The method of calibration of the compensating 
meter with an ammeter and a voltmeter is self- 
evident from the general description of the method 
and from the sample calculation in Appendix A. 
Service tests may be simplified by using a rotating 
standard operating on the principle of the single- 
phase compensating meter, in which case compensat- 
ing meters may be tested in service by one man. 


ECONOMICS 


The desirability of using a compensating meter in 
preference to metering on the high voltage side will 
depend largely upon the savings to be effected, with 
due consideration to all features. A compensating 
meter installed would cost from $150 to $200 in 
addition to the cost of standard metering at the low 
voltage. Load-plus-loss metering equipment on the 
low voltage side usually may be installed indoors in 
buildings already available; for high voltage installa- 
tions, the greater cost of instrument transformer 
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equipment, increased construction costs, the possible 
necessity for constructing special meter houses, or 
the erection of additional poles for mounting outdoor 
instrument transformer equipment must be con- 
sidered. Savings in space and the economic value 
of greater safety and continuity of service, as well as 
a possible greater accuracy of registration, all have 
a tangible value. Since practices and service con- 
ditions vary in different localities, the possible econo- 
mies that result from the use of compensating meter- 
ing may be evaluated only by considering the par- 
ticular conditions which apply. 


CONCLUSION 


It is apparent that the compensating meter makes 
practical the measurement of high voltage energy 
from the low voltage side of power transformer banks, 
with an accuracy equal to that of high voltage 
metering. Under some conditions improved accu- 
racy results; and for the measurement of energy as of 
a remote point on the supply lines, the method is 
particularly advantageous. 

The cost of adding a polyphase compensating 
meter to a standard low voltage installation is of 
the order of $150 to $200, and in comparison the 
greater cost of instrument transformer equipment 
alone frequently will be much greater for the higher 
voltage installations. Additional savings usually 
will result also from the lower construction costs for 
low voltage as compared with high voltage metering. 

In practice, there are a few cases for which the 
compensating meter may not prove as economical as 
metering on the high voltage side. Examples are: 
(1) customers who are supplied by a relatively large 
number of transformer banks, all connected to one 
high voltage service; and (2) customers who operate 
part of their equipment at the service voltage. 

For the usual types of high voltage installations, 
either customers’ billing or statistical, the application 
of the compensating meter will frequently result in 


Fig. 9. Typical polyphase compensating meter 
panel 


Includes polyphase load meter (left) simplified form of poly- 

phase compensating meter (right) and graphic demand meter 

(center) with test switches and resistor assembly in lower 
section 
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important economies. 


The method is of particular 
advantage: 


1. When the cost of load-plus-loss metering is less than that of 
metering on the high voltage side. 


2. When the limited space available makes the installation of 
high voltage metering more difficult, and hence more expensive. 


3. When the load conditions are such that the power transformers 
may be energized for considerable periods without carrying load. 


4. For exposed locations on the system where ordinary high voltage 
instrument transformer equipment may be expected to give trouble 
because of lightning or other disturbances. 


5. When it is desired to obtain registration as of the high voltage 
side to a point remote from the metering location. 


6. When a customer with a rate for low voltage service and with 
metering already installed, is changed to a high voltage service rate. 
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Appendix A—Sample Calculations 


The application of a compensating meter to a 
specific installation will serve to illustrate the method 
of determining the initial calibration both for energy 
and reactive kilovoltampere-hours, and for the de- 
termination of power factor as of the high voltage 
side, on the basis of a test on the low voltage side. 

Conditions Assumed. A bank of 3 100-kva A-A transformers, 
13,800/230 volts, supplies the total load of a high voltage customer. 
It is desired to measure both energy and demand as of the 13,800- 
volt side, using a 230-volt 300-amp meter and a compensating meter. 
The secondary metering equipment is connected to the power 


transformer secondaries by 3  1,500,000-cir mil cables, each 20 ft 
long. 


Calibration of Compensating Watthour Demand Meter. The 
manufacturers of the transformers supplied the following data: 
Core Loss Copper Loss Per Cent 
Transf. at Rated at Per Cent Exciting 
No. Voltage Full Load IZ Drop Current 
(GQaoos due dens Be 9 bee Are WWE aoe ooe ASL eh mince lame 3.0 
(D) heer er SOO Mes aos ILI A oto ho LUA 5 ereeee oon 2.8 
(@Qleencatcdaas S34. Bo tenor eae lp lWAlead Greta cre LOBE eo Oy once 2.9 
Total core loss at 13,800 volts = 380 + 360 + 372 = 
Te re ee eae @) 
Total copper loss at full load on power transformers 
(753.1 amp secondary) = 1,175 + LG Ge apa 
LIS) SAT ESe wince tase Sane PU a iar a (2) 


Using 800-amp current transformers, copper loss at full 
load on current transformers (5-amp secondary) = 


eon SQ BRIN BY OP 5 2 rect i a ee (3) 


Sie We 
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Copper loss in cables (J?R) = 

2 
BUUE Xm ois 2076 Bro atts ) 
Total copper loss at 800 amp = 3,962 + 276 = 4,238 watts... (5) 


The compensating meter as supplied makes one revolution in 3.6 
sec with 5 amp in the current circuit (both J? elements). To cali- 
brate the compensating meter to read in kilowatthours, the normal 
watt-second constant would be 


K, = 4,238 X 3.6 = 15,256.8 watt-seconds per revolution 
Fits HAVEGEES <5 cradle aon a ey rtS aes Me ar reney goers (6) 


To use a standard register, it is necessary to have a standard 
watt-second constant. By referring to the manufacturers’ table 
of standard registers and constants, the watt-second constants 
closest to that desired are 17,280 and 12,960. Either of these 
watt-second constants may be used, and the choice may properly 
be made by selecting the one for which the demand scale of the 
watthour demand register provides sufficient overload capacity in 
relation to the full load losses. 


Total losses at 800 amp (Items 1 and 5) = 
(380 -+ 360 + 372) + (3,962 + 276) = 5,350 watts... .(7) 


Assume the use of a standard watthour demand register with a 
scale of 10.2 kw, a gear ratio of 2,777-7/9, operating with a watt- 
second constant of 12,960. (Register constant = 1.) The copper 
loss elements then must be recalibrated for a speed faster than 3.6 
sec per revolution. 


Required seconds per revolution = 
1&, _ 12,960 
Total Copper Loss B2538 


The core loss element then must be calibrated so that at 230 volts its 
torque will be equivalent to 1,112 watts. 


= 95() 58) SECk ae an oe eee (8) 


Seconds per revolution at 230 volts = 


KG _ 12,960 _ 
Oa ININGIRC COR toma nad ems ldos ans S> (9) 


For tests in service at other voltages, 225 volts for example: 


2 
ep % 11.655 = 12.178 sec.........(10) 


seconds per revolution 
: 3252 


Calibration for Compensating Reactwe Kilovoltampere-Hour Meter. 
If it be necessary to measure average monthly power factor, a 
standard reactive voltampere-hour meter may be used on the 
low voltage side, and a compensating meter added for reactive 
kilovoltampere-hours of the power transformer bank. 

The procedure is the same as for the watthour meter, except that 
the calibration of the elements is based on the reactive instead of 
the energy components of the losses. The required reactive volt- 
ampere values are calculated from the data of the transformers. 
The remaining calculations are the same as for the energy loss meter, 
substituting reactive voltampere values for watts. The constants 
of the reactive meter usually will be different from those of the watt- 
hour meter for the same transformer bank. 

For the installation under consideration, the following results are 
obtained from these calculations: 


Total reactive voltamperes of core loss at 230 

volts = 8:629 
Total reactive voltamperes of load loss at 800 

amp = WSIS} 
Watt-second constant (Ks) = 86,400 
Seconds per revolution for copper-loss element (11) 

at 5 amp secondary (800 primary) = 3.659 
Seconds per revolution for iron-loss element at 

230 volts = iO se7 
Gear ratio (R,) = 4,166-2/3 
Register constant (K,) = 10 


Reactive compensating meters should be calibrated at approximately 
the average operating voltage. (See Fig. 2 for characteristics of 
reactive voltamperes of core loss. ) 

Calculation for Power Factor Obtained by Test. If power factor 
be obtained by test (as for example, with indicating instruments) 
tests made on the low voltage side may serve as a basis for calcu- 
lating power factor as of the high voltage side. For the installation 
under consideration, it is assumed that a power factor test on the 
low voltage side shows a load of 200 kw at 80 per cent power factor 
at 225 volts. 

With this method the values determined for energy and reactive 
voltamperes of both core and load losses, in accordance with Items 
ep wandellivare supplied to the power factor tester. 

The service calculations are as follows: 


_ ___ 200,000 
~ 0.80 X 225 X V3 


Line current ="62 /;Orat pa eee (12) 


627.62 X 4,238 oie 
Watts copper loss a ; == DL OO Satta a aes G13) 
800 
252 x 1a 
Watts iron loss = 5302 =e OG Am Aaa mar = Geteeys (14) 
Reactive voltamperes of load loss 
627.62 X 23,613 “4 
: saan yesilacam oe Seances (15) 
800? 
Reactive voltamperes of core loss 
2254 X 8,629 
0 each eS (16) 
230! 
Coordinating these values with the test results: 
Reactive Per Cent 
Load Kw Kva Kva Power Factor 
Low Voltage.... 200.00 T5Os 00g as ree ZoOsOO Kwa we re 80.0 
Iron Loss..... 1.06 7.90 
Copper Loss... 2.61 14.53 
High Voltage! ...... +. DADS AON) oes orichieter a oC Ad we see 2OGV 9" eee ses 76.3 


Appendix B—Performance 
Under Various Conditions 


Comparative Results for a Service Installation. 
This test was made in an office building supplied 
from 2 2,300-volt 2-phase 3-wire services, each 
connected to a bank of 2 250-kva 2,300:115/230- 
volt transformers. Either bank may carry the 


lighting or the power load, and in case of emergency 
both loads may be supplied from a single bank. 
Results of these tests are given in Table IT. 


Table V—Per Cent Error in Reactive Kilovoltampere-Hour 

Measurement and Its Effect on Power Factor for Differences 

in Applied Voltage From Calibrated Voltage for the Entire 
Reading Period 


Based on: assumed load factor of 25 per cent; 3 100-kva transformers in ac- 
cordance with sample calculation Appendix A 
Maximum 
Kva Per Cent Difference in Difference in 
Demand Load Reactive Kva-Hr % Power Factor 
of an Dae Actual Avg. Voltage in % of Calibration Voltage 
Rating Factor 90 100 110 90 100 110 
100) Biche RIOR Oe. 29 OF 20 ena On venom) 
100 ‘ 8626822 ce BS kOe as 9 OF SI Oe Penal 
Pt a TO Povcsvacn ke 2 On a Ors em 2h Olsen ses — 0.4 OR eran O ame sel el 
50 = PAINB SS, 20. Se BUS O50 0s ane POT o, 
100° nc ARV 4. 0s — 1456, 0. 409 Oe et Ono 
75 864655... 49 B22 On en Os = 108) 10 reat s00 
yo ee TOT ones eT Ol One ee = LOZ apo O ear reaeo 
50 ee 2 WA Olas... = Sali O8 72/5 Ole =p OG 
100'— 3 19897 OSs 6. Oe — O70 Oe cle OO 
50 86.6.4... ce (See OR. ie 67a ee Oey Or inte too 
ype TO oT ten Hey 4 OW sO Sent oe Ol ioe aca ke Qi ree OP et See) 
50 See S82 Ol a ANA OO HOW ae tao 
100). 4.445 24502 MOR. SURO 2208 Ol Greet eno, 
25 ' 86.6... 5. 4° 8.95.0... 9 8S 2.01 Op ae on89 
eich. Pie TOT. oo HT Site O ca Sao Lee Ole eae) 
50 Sot Oil oe Oke, bee cok ania ae: O8 Skt JO Memiens eee) 


It should be noted that the table shows extreme conditions of error since it 
assumes differences between calibration and actual average voltage of 10 per 
cent for the entire period of the reading. When a true average voltage is used for 
the calibration test of the reactive kilovoltampere-hour meter, the errors will 
tend to cancel. s 


Table II—Comparison of Measured Input, Output, and Loss Kilowatthours on 2/250-Kva 2300:115/230-Volt Trans‘ormers 


= = 


Interim Kilowatthours 


Per Cent Differences Between 


Reading Dates 


Input Input 
Elapsed Billing Test Loss From Input From Input 
Time Meter Meters Output Output- Billing Test 
(Days) (Polyphase) (Single-Phase) Meters A Phase C Phase Plus-Loss Meter Meters 
Installed—Connected to power load (Approximate power factor = 75%) 
TO2y eee LO OOO dia esceke es TOMOM etn elo Oodmerek wee eer eo tL One ae 286:,63- ti eed OF Gre Ol ae apes 0.56... 0 
LOM Ree Meters tested EE ae pas es 
Ole eS SOO Se eS SOO etscac ice CsudOr 294 Ohno ei PASSO Oe an 83545487 dee HAOK2GH cy ese —0.06 
30.. 7,100. 7,120. 6,580. 2010S ee aan ae 254.76..... TiOOS Os sane =O. OG .ns- hoe —0.34 
40.. 6,580. 6,570. SFR Rs ae a. Ares, 292 STS kee Pcl? ea Nea inty cic 6;565) S84 koe ee Oech. tates —-0.02 
DO aresen tes chee Gas 7,000. 7,040. C440 ie rae 2904 -5 donee es 2885 Ole ery: a O ZS OOM Eee = Sonera ares —0.24 
Total power..... 39,070 39,200 36,310 1,440 .2 Mie eOSar Dom AR 39ON5S. OS eer ee sO Donen mente —0.10 
Meters tested 
Connected to lighting load (A-phase only) C-phase loss meter removed for tests in laboratory (see Table III) 
AEE LA, pele, Se feet teres 6780s eer ee OG LSet cy ELA OO meee as ee aa eat Oe G:758* 39 cece —0.32 
fetta: Bacon Service oil switch opened for construction work “Tete Cast di eam eas . 
ts us Service oil switch closed—no load 
ot a ce eh SO Sere ee OF Weare 10 17:83:59 Tike 
a gaia acne a nee igre ace aca LES. Os ae eet ee +100 .0* 
SEN Oa SRR AD Oe triacs 3h aus ic POZO) erase ad beved Wile, oan 22:1 48 ca wep Le 9,042.48 
Bbadeth <->: 10,600 Bibs B30. 40 thw ee eee 10,61 inde ene eeye yt 
[yo Aaa Re be eee 11,950 . 11,638... 251.75. 11,880; VE a Nee gees eee ee ~0.50 
PCS |Get eagee S910..0.) a2. 9,634... 232.45.. 9,866, 45.0500.) eee eee O44 
RM SHO. cast da os 8,570. 8,348... DIS EO ene: 8566256. ..:1 206 Sm, eae ae a —0.04 
Games: Ati 5O Me eee 10,882... 245.93. 1319703. a ae Oo ee ee ~0.20 
Cie aT eo eet 10,400. - 10,162... 055,99. oc ee eee 10,398.83... ch Msn —0.02 
Te Si edges ee. 3,460. 3,373. T2795 A Oia SR ee 3,445.79 1 A soba, 2 yee eee en 
PNGtatERe DNASE USHt OLE. ules ce ta ees 81,840 TO Sake: 230447 11h See ee 81,886.11 +0.06 
Combined light and power............... 121 040 Neher WG oe ey BAL Olen ene, 408.75 eee 121,044.06 +0.003 


* Input test meter did not register since core loss is less than the starting load of 
(+) signs indicate that output-plus-loss is greater than input registration 
(—) signs indicate that output-plus-loss is less than input registration. 
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the meter (1,104 watts 


0.48 per cent of meter rating). 
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Comparative Results for a Test Installation. Two 
7.5-kva 2300/230-volt distribution transformers were 
connected to transform from 230 volts to 2,300 and 
back to 230. Identical meters were connected to 
the input and output sides, and a compensating meter, 


adjusted for the losses of the transformers, was con- 
nected to the output side. The tests included a 
wide variety of load and power-factor conditions 
over a relatively short period of time; the results 
are given in Table III. 


Table IlI—Comparison of Measured Input, Output, and Loss Kilowatthours for Tests on 2 7.5-Kva Transformers Under 
Various Load Conditions 
(230/2,300-2.300/230-volt connection, single-phase load) 


Per Cent 
Difference 
Between Possible 
Input Accuracy 
Per Cent Per Cent Per Cent Per Cent Measured Kwhr and of 
Load on Load on Power Load Duration Measured Measured Output- Measured Output- Reading 
Power Input Factor Factor of Test Output Loss Plus-Loss Input Plus-Loss Registers 
Transf. Meter (Input) (Output) (Hours) Kwhr Kwhr Kwhr Kwhr Kwhr (%) 
a Seas SEE DAO eevee Byala ake nes tee, See Oh CRE Nee Peace ca 1S ie aed ena Or Peas DOSS). 2240s OW OBSa ae. ae lO OC Ore ns +O Dae. tee EIT 
Soyo reat Ore eecrsoLO 22 ¢ 
100 Roxy too 99 1 \ eA SEB Santee: { 9 \ Dy A Scere TAC Boe 322080. a V7 7Bot ns G25 aera 4+-0'.625.: .. 10: +0.6 
Onpeteniee s LO nee 35.0 16 
60 Paar a a Aen eee as { of oy ena BOIBST. ees 5.005...... 64 Ode. 64.635...... = R068 mae cd +0.15 
chs Fis c ies Be e An BO eos ies See Bip Eat §.372...... 17. 404 Seana 127.057 vant. aT 050n aise 0.065 
LOO mee aes. COZOF se QORIE A ee VOOR cr. corre cae 5 LO aes 119.071 CeToO Meee 125) 806s. seas LQG RS tie cee =O. 05204208 +0 .066 
QO gece Mion OSnO\ ee ens 100 1G aN Don (Ole Dl STE BOLSoS ae ee RSMO oa, omy Ss == ORO sk eee +0.183 
Rot | ie ay be De ne SDs scans TOO Bre bocce U7 Qe a ao ere 18.454 2.2... 3).968) nc ee DD ADD Menon DOES Lon eae “FO C21 s vege +0.49 
BS UB gcc 29.6) sen WO SOS, eeecuaiy se NCO 6 jas errr re ricer Ic te Gu) eee es DO OO Lieeeeer Su OS2ei aoe. Bs..8¢3 nerves pier NaS WAE Seat O12 eee +0.19 
SD elaine BT 20 uci aac BORO TH deena EON Mans. ce cie t ts db eae: 7502S, csv = AAV BS oh othe k TO AGE acces COGS Ot ee = O24) cayman +0.13 
GSAO Bis 5k vc SH Re cae 90) 0 a ROOM ne eee ee BA. ae tees OS*O52 seen 4 76200 ~ TO2HS14 Cree 102.75 +0.062...... +0.10 
| ly eee eet eee O48) ale. Bias Oncaea. OO |” Ain bet se BOL: DOLL Sada. 2. 998 .SAN ao 58: O98ke «ay. s OS Ole ares = 0) 26) Mice avs +0.18 
SEO reas a Nese Ob On re. Ss DOO i ea ave ai Ae os 4 oe ees 10.129 Dye KU Be aia TE OSS re nae 12 Goes ee +0.71 ...... +0.90 
PI Oie AR Sd aby Genie D4aeG Sus LOOM | Fee ee ciereaeS 62 ego S00 ‘OF O23 cere AD ADS. yaks 42.275 =E 0). S682. +0.30 
Alle Die eas iy US Oe GS vette» LOQIA pdt Bak Side trodes. QI see a: 43.5922. oe Se LO ees 4G, (802i. yeu =t: AG SSO ites aaa +0.004...... +0 .22 
Brosinl yb eleeg 205 ola Weed eds eRe oc ON ce ace eae 3 4a ae sae 750) O64 sree SOL146R 5. oe S30n210 nee. 830742655... 2. — 003° Ssans +0.006 


(+) indicates that output-plus-loss is greater than input registration. 
(—) indicates that output-plus-loss is less than input registration. 


Table IV—Load Characteristics of 30 Typical Customers’ Loads Showing Accuracy of a Watthour Demand Register for 
Measuring the Loss Increment of the Maximum Kilowatt Demand 


Measured Per Cent Per Cent Per Cent 

Measured Kva at Power Factor Measured Error in Error in 

Maximum Time of at Time of Maximum Indicated Indicated 

Customer Kw Maximum Kw Maximum Kw Kva Loss Load-Plus-Loss 

Number Business Class Demand Demand Demand Demand Demand** Demand 
ae ee ietons Sip pulldine® anne een mss erty sini) ae eel 1,875.0.. WR Ts ee ees 2 BBO Ree he teas 2180). Orn Fu en. as Ue artes Ce 6 0 
ON eee Pressed steel specialties*.............--- 172 ORO Sete. cones ioe We WOO). Bay nace otlcen AU y PEAR, Pe senes 2460). Oe on ebm OURS ae ue 0 

Bie Chemical manufacturer*.........-.----- 18600: Oe ore ae UeZO5:. One ree SU's Wane shies DCO Oe cor eroare bt Eee en eEse +0.048 
fe rei oe TNire manufacturer*® ;. 6 0. sce bab ete ES68:025 5475: OR ete ear tor SSie wee ange rae LOS 20s Wades 0, -Aeate ene 0 
tee ale Wroollproducts*.. ujgcece ota ee 1 B00L 08. pe OF BEI Oe Aare teen Qa eager ove ar 15424-0755 3. OM See eects 0 
Olin ts Steel construction®..0....:....-4-«-++++1;200.0.. Rene VASA Ona woke oe Foe $3:.63.5 ee yA S4 SO! pian cot seins On Aaa ee 0 

\ (Ce ADS cot aurea td Ue ict o exert Bean tee catia ORT 15150..0)5. 1:290' Once ee Re rig ee eRMEEIUR OE sis aon Sse one mee, chet aria +0.126 
Bi Wenies oes Sand andigravel® i.e. j.c eee we te 1,040.0.. IeU4a 5 One. ome 90.8.. Yay SS UP ae ON eee <u) 
levers cas (GeATEW OLS Hae Ste ae i waist age Bae ease ses 800.0.. 895. Oiak li gictaens 89.3... 8954 Operas s 0) (a oe tae 0 
LO eee Paper manufacturer*...........--+-+-+:- 672.0.. WSC LONee coe a ren: O22 BOR On tere ees 0! Fisk ae es 0 
iQ ese Brick manufacturer*..........--.+0025> SOD Omura ate B52) Oks seme ore 99.9.. BG QPG cen etc nee OR ACES ee ent 0 
TO Sete kee Sreelitoundeyen-ainn semis Voorn ae ene BUS mOhewn se eae 5OG::0 gouty ae eae 91.0.. 5OGsO ln crwae 2 a OM ATS ete ee 0 
ee shee Omacry pee ee ie = es ne eel BOS. 0 Maes cutee tee BODIE <.War eaele SO. sO: ames ee eos a 592 eric ener aot Oe. roe 0 
a ee. MEME UG ALE Vere iia reuse rari Ot SOOO meee hepatic: B90. Oa puters 92.3.. 390). OF eres ORG AR tha ste Fe 0 
LO instars Steel tubing manufacturer*...........-- 163.5.. 182\ (Ome ie re BO UDe eae anes 182. Bamee. vet, OLD $y. ence cca ee 0 

OS ce ates Hr osienygart lint xeltactreeiress sie dees GOL O eee orien TSDC. or Aeon les VS ick eae Re aie per tebe +0.015 
WY (i ane Building material........-.----++ restos 147.3... 226.0 Rockness GO:S2 teeters eects OO Oats suchen ae OPA ae cna <4 he a O 

5h eae eee Tcesplantenerert tec as sfpse peor SOR 4 er ey sien 142 Ge ee aoe OU ba eae pee Leon ooras aaa ag 0:75. wk « ae et O02Z0 

OS Neve cine PART UNG ANAT] Bor srsiatea cied vce «oat te Sy eDeer wap eae le 132.0). NCPALUeon hor 6 OOP eta rackene LOT ORs ee “OOO sos a .. +0.144 

OMe Saeed eravelios tae en eer ra TOOK Seen eee 13552 ene eee SOLO. gereiee LIGIER Reeves ee -NOK07 Sapna +0.030 
ORE 3 Owteas Conduit manufacturer..........-225+-+5 96.0.. i AO Tn Yes tere ete BGS ia ken sealed WUOSS are tena hs O; GRR ree Rhee 0 
DH} ee lostery sill. eins ie cry eur cero ee MOMS c OD) Sim pe porn eee S6ieZin nen seg Q2 cS Matters eee Oe elke wee 0 
23 eee: Gar repair shop... jceeee ree ste glee 64eSicatarcn fier. GB S)1 eet pee ere 94.5 GSiiicc cee Ot Ae eee 0 
DA Me e. WMircraftiplatitesss o. tee caine eee o> cee CBiGeasseeearas 69! 1G iceman rena Wile Ose ea ce SONG omnes Oi auiin ts ety ae 0 
DO orice IDE mien eis Hare ob 0 OMS ona Oe oma ie 59.3... (ote ewe ee, QU Dhikanveces BBs. we daenens Qihil Lanes ce 0 
26 es Steel construction*®...........-+-+-+++++> 1d Sy ev men ohn OG 64. 455 tna 89.4 C4 Rive cehe. iy A: On, “RE eee 0 
Diets, Office building... ccc ee aie ee ete 54.8. . OK Os Ser eres Cora a ce avec ce > {AiA VERA oi P OW Ra Were 0 
QSRat A: Teataricdicypreenten tte i ees aie eee 47.0.. OW Ta Ad arene ROVOM EP netgear BS7S sini. gees ONES Sart cee 0 

DOR eer a Sistialisenviceaaes «crete yds sn 43.2)... A ae ei PRR A SPR fay ee ee DSi orete ue kent SL DT Se sca target a +0.083 
SU) See tee Waste manufacturer..........-0-0+0+00> Ly Wie ee an By Ase tieecters a.cao b SSUS Re om Ne BY Ged ete sed el cei OFT te het. ores 0 


* These customers have power-factor corrective equipment. 


** Loss demand in kw is considered to be 2.5 per cent of measured maximum kva demand. At the time of maximum kva demand, losses are taken to consist 


of 25 per cent core loss and 75 per cent copper loss. 


(+) indicates that the loss maximum demand plus load maximum demand is greater than the load maximum demand plus the coincident loss demand. 
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Improvements in 
Mercury Arc Rectifiers 


Since the sectional mercury arc rectifier was 
introduced a few years ago, many improve- 
ments have been made in the design of the 
rectifier unit as regards both performance 
and convenience of operation. These im- 
provements have been incorporated in the 
design of the 3,000-kw 625-volt rectifiers 
being supplied for the New York City 
Independent Subway System. Perform- 
ance of these new units and factors deter- 
mining design features are discussed in this 
article. 


By 
J. H. COX 


ASSOCIATE A.1.E.E. 


Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 


4 PRINCIPLE of building large 
capacity rectifiers in sectional form was discussed in 
A. L. Atherton’s paper (“High Capacity Rectifier 
Efficiency Improved by Sectionalizing,” A.I.E.E. 
Trans., v. 51, 1932, p. 511-15) presented at the 1932 
A.I.E.E. winter convention. Obviously, the suc- 
cessful achievement of a sectional rectifier, without 
its becoming prohibitively large, involved the devel- 
opment of a rectifier section greatly reduced in size 
from the familiar conventional rectifier of 500 to 1,000 
kw capacity. Because of the characteristics of the 
device, this reduction in size of section inevitably 
resulted in a corresponding reduction in are drop with 
a further enhancing of the advantage of the sectional 
arrangement. The design was based upon a 1,250- 
amp section, which is approximately the rating above 
which difficulties due to size begin. Mr. Atherton’s 
paper briefly describes the first design of sectional 
rectifier. Since that time, considerable improvement 
has been made both in performance and convenience 
of operation. This paper describes the 3,000-kw 
625-volt unit being installed on the Fulton Street 
line of the Independent Subway System of the City 
of New York; this unit is typical for any capacity 
above 750 kw at 600 volts. The paper also briefly 
describes smaller rectifiers for capacities below 750 kw. 

During recent years great advances have been 
made in the knowledge of the fundamentals of the 
electric arc. This information facilitated the im- 
provements made in the sectional mercury arc recti- 


fier. (See “Backfire in Mercury Arc Rectifiers,”’ 
Full text of a paper (No. 33-83) presented at the A.I.E.E. summer convention 
Chicago, Ill., June 26-30, 1933. ; 
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Fig. 1. 


3,000-kw 625-volt 4-section mercury are 
rectifier with truck type sections which can be taken 
out of service in a few seconds 


by J. Slepian and L. R. Ludwig, A.J.E.E. Trans., 
v. 51, 1932, p. 92-104; “Mercury Arc Rectifier Re- 
search,” by A. W. Hull and H. D. Brown, A.I.E.E. 
Trans., v. 50, 1931, p. 744-56; and ‘“‘“A New Method 
for Initiating the Cathode of an Arc,” by J. Slepian 
and L. R..Ludwig, -A.LLE.BS Prans: v.52.sceos 
There are certain advantages in the arrangement 
of parts in the conventional type of metal tank recti- 
fier. In the past, as the result of available experi- 
ence, it was believed that a rather definite relation- 
ship existed between the cooling surface area and 
volume of a rectifier, and the maximum current carry- 
ing capacity. The empirical relationship adopted 
required a tank so large that its size was objec- 
tionable. It was pointed out by Dr. J. Slepian of the 
Westinghouse Company, East Pittsburgh, Pa., that 
no fundamental relationship of this sort exists. Doc- 
tor Slepian further suggested that since all vapor that 
comes into contact with a cooled surface condenses 
(thus the temperature of this surface determines 
the pressure of the vapor in the regions adjoining) 
in order to maintain the desired vapor density in the 
arc conducting regions it is necessary only to clear 
the way for the vapor to reach the condensing sur- 
faces. If these surfaces be maintained at the desired 
temperature there is no limitation, that is approached 
in mercury arc rectifier practice, to the watts per unit ’ 
area that can be dissipated. Therefore, in designing 
the improved sectional rectifier the basis used was a 
conventional rectifier with which a great deal of 
successful experience was available; but no attention 
was given to area of cooling surfaces, and the only 
considerations were that ample passages be provided 
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for the smooth flow of vapor from the source at the 
cathode to the condensing surfaces, so as to prevent 
undesirable rises in pressures. Also, the parts were 
so arranged that the vapor flow would sweep to the 
vacuum pumping connection such permanent gases 
as gather, and prevent any accumulation that would 
keep the vapor from reaching the cooling surfaces 
or from entering the arc path with objectionable 
results. Thus, since the amount of vapor coming 
from the cathode is proportional to the current and 
since it is essential that the correct vapor density be 
maintained, the current carrying limit is determined 
by the provisions for disposition of the mercury 
vapor, in addition, of course, to the thermal limita- 
tions of the current conducting parts. The voltage 
limitation of a rectifier is one of arc back which deter- 
mines the amount of deionizing required in the arc 
path. The influence of this on size is small com- 
pared to that of provisions determined by current. 

It is questionable if at the present time a tempera- 
ture can be specified at which rectifiers in general 
operate with lowest arc drop (See “Recent Develop- 
ments in High Current Mercury Arc Rectifiers,” 
by E. H. Reid and C. C. Herskind, A.I.E.E. Trans., 
v. 52, 1933). Of prime importance is the ability 
to rectify without arcing back. Up to a certain 
point, raising the temperature lowers the are drop; 
but also, except for low temperatures at which surges 
occur, it lowers the ability to withstand are back. 
To counteract the tendency to arc back, in the pres- 
ent forms of rectifiers deionizing surfaces are inter- 
posed in the arc path; these raise the arc drop. 
Therefore, both temperature and deionizing devices 
must be considered and the optimum balance chosen. 
For a given arrangement of parts, the higher the 
temperature the greater will be the stability of the 
are and the freedom from voltage surges. Of course 
a high water discharge temperature conserves the 
cooling water required, but usually the importance 


Fig. 2. One section of the rectifier shown in Fig. 1 


These can be arranged in multiple for any capacity desired with 

no loss of efficiency, and the requirement for spare capacity 

reduced with increased size. Section shown is assembled 

with complete independent set of auxiliaries and contacts 
for truck type mounting 
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of this is secondary to that of rectifier efficiency. 

Figure 3 shows a cross section of the resulting de- 
sign, and indicates not only the compact arrange- 
ment of parts but also the wide, smooth paths for 
the vapor flow as discussed. The rectifier tank is 
equipped with a small dome from which the perma- 
nent gases are exhausted. Such gases as accumulate 
gather in this dome and, therefore, do not go into the 
region around the anode upon fluctuations in load 
with consequent fluctuations in vapor flow. 

In addition to the large size of former rectifiers due 
to condensing surface constants, the usual form of 
anode shield and the provision for cooling the anode 
terminal with water, which frequently is employed, 
imposed a height requirement that was prohibitive. 
To reduce the anode structure length, additional 
grid length was substituted for the usual extra shield 
length with a net saving of several inches. Because 
of the narrower passages of the grid, each unit of 
grid length is equivalent to a much greater length of 
shield. The substitution of a small solid anode 
radiator for the necessarily large water filled radiator 
is the relatively simple matter of designing the parts 
so that the desired temperature gradient is obtained 
with a solid anode stem. This, of course, requires 
an arrangement of parts such that no part of the 
effective insulation operates at a temperature at 
which the insulating value of the material is reduced. 

The anode of the sectional rectifier is shown in 
Fig. 4. Graphite is used as the anode head because 
it is not seriously damaged by are back. Quartz is 
used for the grid because it is an insulating material 
with a high melting point and satisfactory mechanical 
strength. Making the grid of insulating material 
prevents the formation of a cathode spot on the grid 
with the resulting damage when passing heavy cur- 
rents. Quartz is used also as anode insulation in 
critical locations, because it maintains its insulating 
qualities at relatively high temperatures and the 
tendency for breakdown to occur at the junction 
between quartz and a conductor is less than with 
most insulating materials. Shields and baffles are 
so arranged as to keep the spaces adjacent to the 
insulation deionized, thus keeping the insulation 
clean by preventing sputtering, and reducing the 
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tendency of the formation of a cathode spot with re- 
sulting are back, at the junction between insulation 
and conductor. 

The cathode is equipped with a quartz cylinder 
which extends above the bottom of the vessel. This 
not only protects the edge of the cathode from the 
cathode spots at the surface of the mercury, but acts 
as a guide for the mercury vapor and as a sediment 
trap. The condensed mercury in returning to the 
cathode does so outside the cylinder; any foreign 
matter, being lighter than mercury, floats on top and 
remains outside the cylinder. In returning to the 
cathode the stream of mercury is broken up by an 
insulated baffle suspended from the cylinder and thus 
is prevented from bridging the cathode insulator. 
This arrangement is shown in Fig. 3. 

The scheme of excitation used is shown in Fig. 5. 
By using a copper oxide rectifier, the advantages of 
a d-c starting and excitation system are obtained, 
without the objectionable features of a rotating 
device. Before the arc is struck, practically the full 
potential is applied to the solenoid which depresses 
the ignition rod into the mercury. After the arc is 
drawn, the resistor in series with the ignition rod 
causes the greater part of the voltage to be impressed 
upon the excitation anode and the greater part of 
the excitation arc immediately transfers to that 
anode, without the provision of a separate supply. 
By properly designing the excitation supply equip- 
ment, ample voltage is available for the operation 
of the solenoid without a prohibitively high current 
or losses in the resistor after the arc is struck. The 
value of resistance and the characteristics of the 
copper oxide rectifier are so coordinated that a final 
current of less than 3 amp in the starting rod and 10 
to 15 amp to the excitation anode is obtained. By 
the addition of the excitation anode a source of ioni- 
zation is brought close to the anode shield opening, 
thereby eliminating any hesitancy to “pick up.” 
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Fig. 5. Schematic diagram of ignition 
and excitation system 


When the load on a rectifier suddenly is increased 
to a high value, voltage surges tend to appear. For 
any given load on a rectifier there is a given condition 
of vapor flow, vapor density, and ionization. Before 
the vapor density and ionization have had time to 
build up to the requirements of the heavy load, the 
arc tends to be unstable and the fluctuations in the 
conductivity of the arc, together with the inductance 
of the circuit, generate the overvoltages. Since the 
source of these surges is the arc path between anode 
and cathode, their prevention is accomplished best 
by connecting capacitors between each anode and 
cathode to compensate for the variations in the con- 
ductivity of this path. Although it is not necessary 
for surge prevention, low valued resistors are con- 
nected in series with the capacitors to smooth 
out the voltage wave and avoid objectionable har- 
monics. 

Because a rectifier requires a highly evacuated 
vessel, and one containing only pure mercury vapor, 
the manufacturing technique differs radically from 
that usually employed in the construction of electrical 
machines. Extreme cleanliness must be practiced 
during the processes, and many of these processes 
must be carried out in a conditioned atmosphere. 
The accomplishment of a satisfactorily tight vessel 
has been aided greatly by modern welding methods. 
It is obvious, of course, that a reliable insulating seal 
is necessary for both anodes and cathodes. How- 
ever, several types of insulating seals are now well 
known, any one of which is sufficiently reliable. 
The choice of seal used is thus a matter of manufac- 
turing convenience and cost. Seals used in the rec- 
tifier described here are the soldered-to-porcelain 
seal at the anodes, and a steel-protected rubber 
gasket at the cathode. A similar type of rubber 
gasket is used between main tank and cover. 

Even with the best manufacturing technique, the 
construction of a nearly perfect metal vacuum 
tank is a difficult problem; and the difficulties multi- 
ply with size of tank. Herein lies an important 
advantage of the sectional rectifier: Not only is 
the size of tank small for a large capacity rectifier, but 
also the standardization upon one size always makes 
for higher quality and greater uniformity of product. 


AUXILIARIES 
The system of auxiliaries used incorporates several 


unique features. The mercury vapor vacuum pump 
is of the multi-stage type, which is capable of pump- 
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ing against a high back pressure. This high back 
pressure capacity permits the use of a barometric 
seal, which consists of a tube of barometric length 
with the lower end immersed in a pool of mercury; 
in case of any accident to the vacuum system, this 
arrangement acts as a perfect automatic valve and 
prevents admission of high pressure gases into the 
rectifier vessel. This barometric seal is incorporated 
in the interstage reservoir between the low and high 
pressure pumps, which permits intermittent opera- 
tion of the high pressure pump. This pump consists 
of a rotary oil-sealed pump of small size directly 
connected to a 1/i;-hp motor. Because of the ab- 
sence of gearing this pump is almost noiseless, and 
because of its small size the losses arelow. However, 
the capacity is ample for the service required as is 
evidenced by the fact that in practice this pump is 
required to operate only from a few minutes per day 
to a few minutes per week depending upon how long 
the rectifier has been in service. The starting and 
stopping of the pump is controlled by a mercury 
manometer connected to the interstage reservoir. 
Since the pressure at which this pump starts is well 
below the maximum back pressure against which the 
mercury vapor pump will operate, a rise of pressure 
in the rectifier tank, with the resulling damage 
caused by operation under this condition, is not 
permitted. 

The valve between the interstage reservoir and 
the rotary pump operates on a float principle and, 
therefore, is automatic without requiring any elec- 
trical connections. When the rotary pump stops, 
atmospheric pressure drives the oil back through the 
pump until enough accumulates in the valve to raise 
the float. 

Pressure in the rectifier is measured with a manu- 
ally operated gage of the McLeod type and also with 
a hot-wire instrument; the latter is connected to 
the control system for protecting the rectifier against 
operating under excessive pressures. This gage is 
not used to control the starting of the rotary pump 
because it is believed that operation of the rectifier 
with a pressure sufficiently high to operate this in- 
strument is objectionable if continued for a long 
time. All pressure measurements are made at a 
connection to the tank separate from the pumping 
connection. At the low pressures being considered, 
there is a considerable variation in pressure along 
even relatively large passages. Therefore, a meas- 
urement made on a pumping section at some dis- 
tance from the tank may indicate a pressure a great 
deal lower than actually exists in the tank. In the 
construction of the McLeod gage, a compressible 
chamber is used instead of the usual barometric tube, 
with a resulting reduction in length of more than 50 


per cent. The hot-wire gage is of the familiar type, 
but has improvements in compensating features 
which reduce the effects of the various factors in- 
fluencing its calibration. 


APPLICATION 


With sectional construction the possibility of 
operating with part of the units out of service 
radically reduces the amount of spare capacity re- 
quired in a high capacity installation. .The manner 
in which the rectifier sections are assembled is quite 
flexible and is determined by the type of service 
required. In the rectifiers being supplied for the 
New York City Board of Transportation the sections 
are assembled in a truck type frame, and each section 
is made complete in itself with its own vacuum and 
water control systems. It is equipped with truck 
type contacts and flexible water connections so that 
one section can be disconnected in a few seconds, 
and the remainder of the unit continued in operation. 
This complete flexibility, of course, is obtained at the 
expense of increased cost and increased number of 
auxiliary parts with the inevitable increase in such 
troubles as originate in auxiliaries. However, the 
auxiliaries have been made so reliable that trouble 
from this source is not serious. Where extreme flexi- 
bility is not required, it is just as feasible to connect 
the rectifier sections to a common maiifold with one 
pumping system, in which case the number of auxili- 
aries is essentially the same as for a single tank unit. 

Since iron is the only inexpensive metal that does 
not react with mercury, metal tank mercury arc 
rectifiers are constructed of steel; this, together with 
the requirement for water cooling, introduces a cor- 
rosion problem. When water of the quality usually 
available is used directly, the rectifier must be de- 
signed so that all water spaces are accessible for 
cleaning and surfacing with corrosion resisting ma- 
terial; this maintenance must be performed at rela- 
tively short intervals. Another, and probably bet- 
ter, way of solving the corrosion problem is by pro- 
viding a recirculating cooling system. This system 
may be either a water-to-water heat exchanger or a 
water-to-air heat exchanger. In either case the re- 
circulating water may be such as to eliminate practi- 
cally all corrosive action. The recirculating system 
may be either grounded and insulated from the recti- 
fier, or connected directly to the rectifier and insu- 
lated from ground with rubber hose, depending upon 
convenience where installed. It is necessary, of 
course, that the temperature be controlled accurately. 
This is not a serious problem, however, for several 
types of direct-acting temperature-regulating water 
valves are available, and the control element is 


Fig. 7. D-c load chart of rectifier at 


the Cedar Manor substation of the Long 


Island (N. Y.) Railroad when operating 


with only 2 sections in service 


Jury 1933 
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placed in the location of most rapid temperature 
change to avoid the overheating of any part before 
action takes place. 

Mercury are rectifiers are particularly adaptable 
for automatic or semi-automatic operation since 
the control and protective devices required are rela- 
tively simple. The degree of protection required 
depends upon the service to which the rectifier is 
applied; in many cases this can be reduced to pro- 
visions for: clearing a short circuit or arc back; pre- 
venting operation with excessive pressures due to a 
fault in the vacuum system; and preventing opera- 
tion with excessive temperatures due to a fault in 
the cooling system. 

The transformer connection used is influenced by 
the location where the rectifier is installed. The 
cost of a 12-phase transformer must be balanced 
against the additional cost of a harmonic filter to 
effect an equivalent wave with a 6-phase transformer, 
where wave form is important. Since both a-c and 
d-c systems are underground in the New York City 
Independent Subway System, and the telephone 
interference problem thus eliminated, a 6-phase 
transformer is being supplied for that installation 
because of its greater simplicity. 

The rectifier being supplied for the New York 
City, Board of Transportation, shown in Fig. 1, is 
rated 3,000 kw at 625 volts. Specifications require 
that it be capable of carrying 4,800 amp continuously, 
7,200 amp for 2 hr, 9,600 amp for 5 min, and 14,400 
amp for 1 min. This rectifier has demonstrated its 
ability to carry the specified loads, not only on the 
test floor, but also in actual service. Figure 6 shows 
the arc drop curve of this rectifier, which, of course, 


Fig. 8. Rectifier section with transformer having a 
capacity of 667 amp continuously with the usual 
overload capacities; 34-in. tank 
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expresses the efficiency of the rectifier when the rela- 
tively small losses of the auxiliaries are added. 

As mentioned previously, the design of the recti- 
fier described here was based on a conventional design 
with which a great deal of service experience was 
available. Three installations were made of this 
type of design on 3 types of typical railway systems, 
and in all 3 cases essentially perfect performance was 
secured during several rectifier-years operation. To 
date, only one backfire has occurred on these recti- 
fiers. After making the modifications discussed in 
this paper, in order to make this design suitable for 
sectional assembly, together with the improvements 
mentioned, a trial installation was made at the Cedar 
Manor substation of the Long Island (N. Y.) Rail- 
road Company, early in September 1932. Two of 
these latest sections, as shown in Figs. 2 and 3, were ~ 
substituted for 2 of the original sections shown in 
Atherton’s paper (loc. cit.) and operation continued 
on the 2 new sections only. The remaining 2 
original sections were kept out of service and main- 
tained only as standby capacity. In this way by 
operating a station intended for a 3,000-kw rectifier 
on 1,500 kw of sectional rectifier capacity, a more 
severe test was obtained, and one more nearly in 
keeping with the rated capacity of the rectifier. 
Figure 7 shows a section of a daily load chart taken 
at this station. It may be seen that during the peak 
load period the base load averages more than the 
rated full load of 2,400 amp; upon this the usual 
short time railway peaks, up to 3 times rated load, 
are impressed. Up to the date of the present writing, 
3 arc backs have occurred; in each case the rectifier 
was returned to service immediately. In addition 
to the outages due to arc back several minor inter- 
ruptions have occurred due to auxiliary and control 
apparatus, but these have been few and the overall 
reliability has been equivalent to that required of 
electrical apparatus in general. Such weaknesses 
as have been disclosed in the auxiliary apparatus 
have been corrected. The cooling water consump- 
tion at this station has been extremely low. Because 
of the low load factor of a railway system and the 
high operating temperature employed, a large part 
of the losses is dissipated to the room. 


Low CAPACITY RECTIFIERS 


For application on loads of less than 1,250 amp, 
smaller units have been designed and built following 
the same general design as that of the sectional recti- 
fier. A typical example is shown in Fig. 8. As 
would be expected from its smaller size, this unit 
has demonstrated that it will operate reliably over 
even a wider range of overloads than will the sec- 
tional units. It has a lower arc drop for the same 
percentage of normal load, as shown in Fig. 9. 
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Low Temperature 
Radiant Heating 


This article describes experiments in the 
heating of a small room by controlled radia- 
tion from electrically heated panels in the 
walls; from the results has been determined 
a practical method of predicting relative 
comfort for various combinations of wall 
and air temperatures. It is claimed that 
low temperature radiant heating in com- 
bination with reversed refrigeration would 
so lower the operating cost of electric 
heating as to make it competitive with 
heating by other fuels. 


By 
L. W. SCHAD 


ASSOCIATE A.1-E-E. 


Westinghouse Elec. & Mfg. 
Co., E. Pittsburgh, Pa. 


A FEW years ago Mr. L. W. Chubb, 
director of the Westinghouse research laborato- 
ries, East Pittsburgh, Pa., suggested the possi- 
bility of using electrically heated wall and ceiling 
areas for creating winter comfort indoors. Based 
upon his observation of the importance of radiant 
energy on the human body’s sensation of warmth 
in such instances as sunshine through clear, cold 
mountainous air, or the flash of radiant energy 
through a train window from a pile of burning 
ties, he conceived the idea of making radiation 
a more important factor in producing comfort con- 
ditions. Reducing the idea to practice in occupied 
space involves the use of large surfaces at relatively 
low temperatures such as 80 to 120 deg F. 

At the research laboratories of the American Soci- 
ety of Heating and Ventilating Engineers it has been 
found that the average person engaged in ordinary 
sedentary occupation loses heat at the rate of ap- 
proximately 400 Btu per hour.! This heat is dissi- 
pated by radiation, convection, and moisture evapo- 
ration from skin and lungs. Mr. L. B. Aldrich” has 
found that in ordinary winter conditions indoors 
46 per cent of the body’s total waste heat is radiated, 
30 per cent is convected, and 24 per cent disappears 
as latent heat of vaporization. 

The body’s internal temperature is normally 99 
deg F, but the temperature of the outside surfaces 
of both exposed skin and clothing from which radia- 
tion and convection take place is about 80 deg F 


Full text of a paper “Obtaining Comfort Conditions by Controlled Radiation 
from Electrically Heated Walls” (No. 33-78) presented at the A.I.E.E. summer 
convention, Chicago, Ill., June 26-30, 1933. 

1. For all references see bibliography. 
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with variations above and below according to sur- 
rounding conditions and clothing worn. 

If the walls, ceiling, and floor of a room were at 
a temperature of 80 deg F, no heat would be lost by 
radiation from a person within the room. However, 
health and comfort demand that the heat generated 
by the ordinary processes of life, which is more or 
less constant under given conditions, be dissipated ; 
hence, if radiation be prevented, convection or mois- 
ture evaporation, or both, must be increased. 

It is possible to heat certain portions of solid en- 
closures so as to obtain partial or entire nullification 
of body radiation. Under such conditions the room 
air temperature should be lowered to restore the 
balance between heat generated in the body and its 
dissipation. 

Many combinations of warmed enclosures with 
varied air temperatures have been investigated in a 
room (see Fig. 1) especially designed for studying 
air conditioning problems at the plant of the Westing- 
house Electric and Manufacturing Company, East 
Pittsburgh, Pa. This room, with internal dimen- 
sions of 12x16x8.8 ft, is built within one of the 
standard research laboratories rooms so that there is 
a space between the walls and ceilings of the 2 
rooms from 18 to 24 in. in width. This permits a 
temperature variation in the air surrounding the 
experimental room as well as ease in making various 
adjustments in power supply, air flow, etc. Figure 
2 shows the heating units used in the wall and ceiling 
construction; each unit is 4 ft long and 1!/, ft wide, 
and was designed for 250 watts at 110 VOltSie abe 
base of the unit is a standard insulating lath having 
a thermal conductivity of 0.39 Btu per hour per 
square foot with a gradient of 1 deg F per inch of 
thickness. After these units were nailed to the joist 
and studding, a finish coat of plaster was applied 
producing a smooth inside surface to which several 
coats of enamel were applied to prevent air from pass- 
ing through the walls. All joints and floor cracks 
were sealed carefully with linoleum cement so that 
the air supply to and from the room could be ac- 
curately controlled and measured. 

Air was drawn from outdoors through a duct 
above the ceiling and distributed in the room by 
means of the center ceiling duct shown in Fig. 1. 
This duct, running along the entire length of the 
ceiling halfway between the sides of the room, de- 
livered cold air laterally, that s, parallel with the 
ceiling so that the overall effect was a complete dif- 
fusion of the incoming air with the air in the room. 
Exit ducts were placed in the walls near the floor. 
The air flow was measured carefully both at en- 
trance and exit by means of nozzle and orifice meters, 
with an inclined draft gage used to indicate equal 
pressures between inside and outside atmosphere. 
A centrifugal blower with speed control operating 
in the entrance duct and a suction fan in the exit 
duct were so operated as to eliminate pressure dif- 
ferences between the inside and outside atmosphere, 
thus eliminating as far as possible any air leaks. 

Copper-‘‘advance’”’ thermocouples with the warm 
junction soldered to a patch of copper screen just 
under the finish coat of plaster were led out along 
isothermal surfaces to the edges of each heating unit 
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Fig. 1. 


One side of the experimental room in which 
the tests were made 


and then back through the wall to a multiple switch 
and potentiometer. Surface temperatures thus were 
accurately determined. Air temperatures were de- 
termined in the ducts as well as in various parts of 
the room with No. 36 B&S gage copper-‘‘advance”’ 
couples. Mercury thermometers also were used, 
mainly to see how far their indications deviated from 
true air temperatures under various conditions of 
warm walls and cool air. 

Preliminary work showed quite definitely that 
not only can comfort conditions be obtained with 
80-deg walls and 60-deg air, but also that such 
environment is highly invigorating. The cool air 
is quite acceptable when one at the same time feels 
entirely comfortable. However, to maintain the air 
at 60 deg within 80-deg walls, it was necessary to 
introduce fresh cold air into the room at a rate of 

- from 6 to 10 changes per hour, depending upon the 
temperature of the air fed into the room. It be- 
comes apparent at once, therefore, that heating 
enclosing surfaces of ordinary living rooms to 80 
deg F uniformly is out of the question. Since nor- 
mal infiltration changes the air in a house from 1 to 
3 times per hour, it was decided to limit these 
studies to such an air flow with but portions of the 
enclosing surfaces heated. 

Altogether 104 units were used in the walls and 
ceiling connected two in series across the power sup- 
ply lines through an ‘‘on”’ and “‘off’’ switch for each 
pair. Power was controlled with a voltage regu- 
lator. Thus the position and extent of the heated 
wall or ceiling area, as well as its temperature, could 
be varied at will. A master switch in series with an 
adjustable thermostat and wall meter mounted inside 
the room completed the electrical equipment. 

A single observation required about 60 individual 
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Fig. 2. Two of the electrically heated panels, the 
upper one before and the lower one after imbedding 
the resistance wires in plaster 


readings for a complete picture of the effect of any 
one set of conditions. The aim, of course, was to 
examine a sufficient number of conditions to predict 
comfort and power requirements for any conditions 
where low temperature radiant heat is to be used. 
In Table I the data of 10 typical observations are 
summarized. 


DISCUSSION OF RESULTS 


For purposes of estimating power requirements 
in any applications using this type of heat and also 
for the purpose of having a check on air flow and 
power input, it was thought desirable to account for 
all the power used. Items 18 and 19 of Table I 
show how closely this was done. The thermal con- 
ductivity of the walls was tested accurately so that 
the dissipation through the walls could be determined 
fairly accurately with a sufficient number of in- 
side and outside temperatures. Failure to obtain 
enough outside temperatures for observations 1 and 
4 resulted in the loss of this estimation. Another 
source of inaccuracy in this regard was the inability 
to obtain an accurate average entrance air tempera- 
ture. Some of the heat within the test room passing 
through the ceiling served to supply part of the ‘pre- 
liminary temperature rise of duct air while the rest 
was drawn from the space and building around the 
room. 

It is a difficult matter to predict accurately the 
effects of temperature, position, and orientation of 
the heated panels on an occupant of the room, even 
though he might stand erect in the center of the 
room. ‘The radiant flux to a person in the panel 
heated room is, of course, a function of: the solid 
angle, temperature, and orientation of the heat 
source; and the outside area, temperature, and posi- 
tion of the recipient. It would not be a simple 
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matter to compute accurately the integrated solid 
angle of all room surfaces integrated in turn over the 
person of the occupant with due regard for orienta- 
tion of both person and walls. A rough measure of 
comfort, however, has been computed; this has been 
added as item 26 at the bottom of Table I under the 
caption ‘‘comfort index.” 

To obtain a value of the comfort index for each 
set of conditions a cylinder was postulated in the 
center of the room having radiating and convecting 
surfaces approximating those of the average man 
with the same general shape and size as regards 
volume. It was assumed for instance that there were 
20 sq ft of convecting surface and 16 sq ft of radiat- 
ing surface with an emissivity of 0.9 for the tempera- 
tures under consideration. 

The equation for convection from such a vertical 
cylinder was taken as H = 0.30 g!-25 where H is 
expressed in Btu per hour per square foot of surface 
and 6 is surface temperature rise in degrees F. 
Figure 4 shows the loss based on this equation in 
Btu per hour from a vertical cylinder with a uniform 
surface temperature of 80 deg F to air at tempera- 
tures under 80 deg F. Figure 3 shows the radiant 
interchange of heat between the assumed cylinder 
and its solid surroundings in Btu per hour. 

After these curves were drawn they were checked 
by applying standard conditions, that is, the body 
heat loss with air at 70 deg F and walls at 68 deg 
F was found by the use of these curves to be 300 Btu 
per hour, which is approximately correct according 
to the previously cited work done at the American 


able at this time. It must be borne in mind that if 
this cylinder should wander over toward one of the 
heated wall panels, thus subtending a greater solid 
angle of warmth, these comfort indices would not 
apply as accurately as if it stayed in the center of 
the room. 

The curves developed, as a result of the work de- 
scribed here, were tested by applying some recent 
results obtained at the research laboratory of the 
ASH.V.E!. Three walls of a 5x6x6-ft room there 
were cooled while the air temperature was raised 
until comfort was obtained. One point of the 
A.S.H.V.E. comfort curve gave the temperature of 
3 walls at 45 deg F with air at 78.9 deg F. aie 
comfort index computed by the method here de- 
veloped for such a condition is —284. If the, Hoss; 
ceiling, and fourth side wall had been assumed at a 
temperature slightly lower than that of the air, the 
index would have approached very nearly the ideal 
of —300. Since the room was so small it was more 
easily possible to take into account the solid angle 
and orientation of surfaces, which also raised the 
computed radiation losses. It is believed, therefore, 
that the method developed for predicting comfort 
conditions in radiant heated spaces is satisfactory 
for all practical purposes. 

The method of using these curves is simple enough 
as is illustrated in the following example: 

Let area of total enclosure surfaces be 878 sq ft. Assume: 
96 sq ft of ceiling at 107° F 
96 sq ft of ceiling at 66° F 


84 sq ft of walls at 101° F 
410 sq ft of walls at 67°F 


Society of Heating & Ventilating Engineers research ae sq ft of floor at Bos Be * 
laboratory. The negative sign before the comfort. So eee 67.5 
index (item 26) in Table I indicates a loss by radia- From the radiation and convection curves we have: 
tion and convection from the cylinder of the specified Radiation 
number of Btu per hour for each case. Thus — 300 es sq ‘i a se = Bate . es = Bee 
Bie 5 artis sq ft a ad reo 
Btu per hour would indicate comfort while —447 ga sqft at 101° = +351 X 84 = +29,500 
would indicate a chilly condition and —64 a much 410sqftat 67° = —195 X 410 = —80,000 
ay 5 . . Ce ee = —_ 
too warm condition. No great accuracy is claimed 192 sq ft at 69° = —165 X 1092 31,500 
for this system, but it is presented as the best avail- 878 = —58,900 
Table [—Summary of Data for 10 Typical Observations 
1. Observation No. 1 2 3 4 5 6 a 8 9 10 
Pe Oneidctaritenp (2 Foie ick a. a ke ve: Ary Wile Geran Pech. Ye rete a-ha mn sen ee pace eT 36.7... 20.4 
3. Air changes per hour......---------- 0°: 1.15. 121s. Sele 3.3%. Gali Saciae Sram EB A Yagi BAe 22 
Fe er oh entrance air (0 Fyre hous nce, @BOIOr yp BOLOT= 83-8>: HG do) BS 8 iL 4Bcduee 85.4540 105. 95ce Tear eee meen 
PUL Dempsol exit-air (° B)ss ces sees recs’ Rina 6d 0 Cw h BAS oe ONO oN 00-0 spn OSt Aare nS 2 ste ae @0;1002- 6748 
Gi Lenip. tise of ait in room (2 F).220..- 2 Lane Sig Moe By OIG. Bc ' 12.Tik 10-012 1 16.0.026) 18.62) A ee, 
Pe Temp. of air surrounding room (° F)..... yates 58.0.. 44.0.. crn 61.4.. 60.0.. 65.6.2 65.8.. 63zie. 57.6 
PM caiosicdecning (eqiit). 1... 1082 182 ac, 10-0. ft 0.0. 96,0104 9496.00.44 96.0.4.) 2, 96.0-m,) WOO: 0C em pnuee 
9. Temp. of heated ceiling (° F)...-.. dite N, Miah eG Sr LON eG On Oo Oe ne ee coe 80.1. C107 
Pere aiccina (ea ties la.6 Geko eee ses Bape oes BHO: 4800, 96.05.02 996.0ns-. 98-0228 6-96.02 Ha OO OL am ae my 
RUM Reel cate (eB)... Art aes. ee es 80.05 Gb. ROO AE 669g) 70Day. US 0.0 OTe anes 
SM ee aeatcd all Gd 1s. oy p< BOL: 12) BBS. «186-08 Be One PA8L.Onss 1020. | S408, 880. 1.5 ee 0 Eamets 
13. Temp. of heated walls (°F).... - 81.2.. W5 B00. edd Boel 9BsOncg Wy 8T-Oque 008g 1080 tee SOS eee ee 
PMc lia Gentitcoce es ee eS 2. 408 AES eae (2 A108 hm 6802) nt 410 fen) 410) «cs Cee 
FPA ee Bb Bo ee. OLD ico. | 66sSva pk WOebves 9 1327 Gite O88 cen mupree 
Mee Wei celcouctiw ale le. evs cue tones ee LOTE-0-. LOL pes coe 3 O19; csc 4,440,. ote 1087. oi LABTY mp 1,007 Sos aoed 
PME REETE Ia cits faness ees se ee ee ATAS 83.0... 700 B75 690 sa 2 STON. 478 BOT ws, 980 an. 482 
18. Total dissipation (computed)... etre tig 160 eerie DIOR. «Nee tee DOU: ce 2, 0108 So. 1,032 arnt Eke 1,287... 2,394 
PMU aout sacles Cending. ver a2 oe 200 2+ 1,200 2.2) 100 "9560... 1,800 ...2,400 ...1,450 ...2,200 ...1,400 ... 2,900 
20. Watt density (watts per sq ft)... Gigee BRN 11.6. ete Oreer 10, 05pae Ao. Ee. SDT nace 7 ee. aeleet 
21. Avg enclosure temp.....-+-+++22 05 68.9.. 65.0.. 66.1.. Ondbec BAUS. TA.0%s Oates 80.2.. (oso 75.4 
22. Avg air temp., thermocouple Fie erp eat 66.0.. 63.01. ~ 69m 2a 68.4.. 66.0.. 68.3.. 70.4.. USE Wiss 68.8.. 67.5 
23. Avg air temp., mercury thermometers.... Ae pees 64.0.. me. (AUBO Me 68.0.. 70.0.. hire dacs 76.0.. (Ont. 70.3 
24. Per cent of ceiling area heated......----- 1003 LOO (Rie on Oe 0) Se 50.0.. 50.0.. 50.0.. 60.0.. 50.0 
Per cent of side wall area heated.......-- deena (heen AoE. Masia L720 PA UAOE We LE 0 IZ05; 17.0 
25. Per cent of enclosure surface heated....-. 2620)55 BONO es BO): B% QO Dita 20ron- 226%» ZO Ose 20RD. 20:5... 20.5 
Sie eRe EL ee eee gee sige Bib he AN8O feegiem 285i pope Gee L. pomatd ean as 240 42.2206 
Dimensions of room, 12x16x8.8 ft. Inside areas in sq ft: ceiling, 192; floor, 192; side walls, 494; total, 878. Space, 1,690 cu ft. 
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— 58,900 
.. 98,900 _ _ 67 
and the average is 378 6 
Convection for air at 67.5 = —160 
Total dissipation = —227. 


Data for these figures were taken from observation No. 10. 


One of the outstanding features of this heating 
method as observed in the experimental work de- 
scribed here is the remarkable uniformity of air tem- 
perature throughout the entire room. The fine-wire 
thermocouple used to explore various parts of the 
room indicated air temperatures not differing more 
than a degree from each other. As an example, 
details of observation No. 6 show temperatures in 
degrees F as follows: 


Gnimbelownccilitie center of Toomer tener toca Ole) 
IBreAthineeline een tom torn he Owe eh hist on erstinne sec sore ee O IS 
(ihe BNOON Ra ILO Cano Hon aeito mon Ocoee Te MORE EROS ee 
mrontiertrcommers 4m abovedloors ee eee ae aie OS 
At breathing line for one seated back of desk.............. eo 


Right side near bookcase thermometer................-.4-. 


The floor was covered with a chenille carpet the 
temperature of which, after equilibrium conditions 
were established, was from 2 to 3 degrees higher 
than that of the air. 

From an examination of Table I it is apparent 
that conditions represented by observations 1 and 5 
come nearer to fulfilling comfort requirements than 
any of the others, their comfort indices being re- 
spectively, —353 and —285; however, No. 1 is too 
cool, and No. 5 is too warm. For No. 5 the air 
temperature is 7 deg F lower than the average en- 
closure temperature. It may be pointed out also 
that by raising the average enclosure temperature 
some 5 deg above that usually prevailing for ordi- 
nary heating methods, the air temperature is lowered 
4 deg in this particular instance and should have 
been lowered another degree for ideal conditions. 
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In general, no effort was made to find the optimum 
conditions for the greatest number of people, but 
comfort always was aimed at and with 2 excep- 
tions (observations 5 and 12) the room was not ex- 
tremely uncomfortable for any of the conditions re- 
corded in the Table I. 

The method of using rather extensive areas at 
moderately low temperatures has been given more 
study in Great Britain than in this country. Several 
references relative to this so-called panel heating 
are included in the bibliography (references 4 to 
15, inclusive). 

Humidity was neglected in this work because its 
effect on human comfort at a dry bulb temperature 
of less than 70 deg F is not so important as it is at 
higher temperatures. (See American Society of 
Heating & Ventilating Guide for 1931, p. 409, for 
curve of heat and moisture losses as functions of the 
dry bulb temperature.) In fact one of the advan- 
tages of cool air and warm walls is that not only is 
the relative humidity naturally higher, but its effect 
as a comfort factor is much less important than it is 
for warmer air. 

Electric house heating is attractive because it is 
clean, easily controlled, and requires no labor for 
operation. It is expensive at present power rates 
and method of application, but this low temperature 
radiant heating suggests a possibility of lowering 
costs. The normal power requirements for straight 
electric resistance heating is 1.2 to 1.5 kwhr per cu 
ft of space heated per heating season of 212 days — 
(Oct. 1 to May 1) based upon: 40 deg F average 
outdoor temperature; infiltration of one change per 
hour; and ordinary brick veneer wood frame, lath, 
and plaster construction. This figure no doubt 
could be reduced by insulation, and by close night 
and day regulation with lower temperatures at 
night. Panel heating offers some additional saving 
in straight resistance heating because it is unneces- 
sary to warm the air quite as much where radiation 
plays a greater part. But this low temperature wall 
heat will make a tremendous difference if reversed 
refrigeration becomes generally used.. By pumping 
heat from the outside to a moderate temperature of 
say 80 deg F, the coefficient of performance of the 
heat pump is much higher than if this heat were to 
be pumped in at a temperature of 180 deg F. In 
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fact with one-cent power and reversed refrigeration 
operating between 40 and 80 deg F, the actual operat- 
ing costs become competitive with coal. 

Even with present power rates electric wall heat- 
ing should be applicable to warmer climates where 
the necessity for heat occurs only an hour or so in the 
mornings and evenings during the winter season. 
The type of wall units described here can be made 
quite inexpensive so that the cost of equipping an 
entire house would be but little more than the cost 
of ordinary lath and plaster. 


SUMMARY AND CONCLUSIONS 


Briefly summarized, the important findings of this 
investigation and conclusions reached are as follows: 


1. The results of observations on space heating with rather exten- 
sive surfaces at moderately low temperatures have been worked 
into a practical method of predicting comfort with various com- 
binations of wall and air temperatures. 


2. The air temperature may average from 2 to 8 deg lower than 
the average enclosure temperature, which results in a saving of heat. 


3. Most of the radiating surfaces were put in the ceiling; this 
seems to be desirable to cut down heat losses, and is not objectionable 
from the standpoint of comfort. It no doubt would be desirable 
to put warm panels in selected places in the side walls, as, for in- 
stance, under windows to prevent downward air currents and 
nullify to some extent the body’s radiation to the cold window 
surfaces. 


4. A remarkably uniform temperature was found to prevail within 
the room as a result of the heating method here presented. 


5. The low temperature radiant heating method in combination 
with reversed refrigeration would lower the operating costs of elec- 
tric heating to a point where it might be competitive with heating 
by gas and oils or even coal. 


6. Power consumption varied from 5.3 to 16.1 watts per sq ft. 
It is possible that a 2-range provision might be made with a 
density of 50 watts per sq ft for accelerated effects on a cold morning 
for a few minutes after the power is turned on, and !/, of that density 
for steady application. Where | sq ft of heated area is used for 
each 10 cu ft of space heated, 121/, watts per sq ft should be ample 
for quite severe weather. Modifications in outdoor temperature 
could be taken care of with a thermostat set to throw the power 
on or off according to requirements. 
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Staged Tests on 
High Speed Relays 


Staged tests on high speed distance relays 
involving the placing of artificial short 
circuits on high voltage transmission lines 
not only eliminate much of the low voltage 
testing, but give a more complete check on 
the functioning of apparatus. Planning and 
procedure of staged tests are discussed in 
this article. 
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Niecx of high speed distance relays 
consist either of low voltage tests or staged tests. 
The latter involve the placing of an artificial short 
circuit on a high voltage transmission line, and 
observing the operation of the various pieces of 
equipment. Staged tests, although not frequently 
used are especially desirable with the new high speed 
relays, due largely to the increased complexity of 
these relays as compared to the older relays. 


Low VOLTAGE VERSUS STAGED TESTS 


Low voltage tests are adequate for the following 
purposes: locating loose connections, locating broken 
leads, checking polarity, measuring resistance, testing 
insulation resistance, checking reactance indication, 
investigating performance of contacts as to sticking 
or sparking, checking timing, and otherwise deter- 
mining the mechanical and electrical condition of the 
individual elements of the relays themselves. There 
are serious objections to depending on the results of 
low voltage tests alone as a check on the satisfactory 
operating performance of a protective installation. 
Staged tests will do almost everything that can be 
done by low voltage tests, and in some cases the low 
voltage tests may be unnecessary, provided the 
staged testing is carefully planned. In any case, 
much less low voltage testing needs to be done if 
adequate staged tests are made. 

Complete low voltage tests require more equip- 
ment than staged tests. On distance relays a large 
amount of time is required to phase out the connec- 
tions of the low voltage test equipment. In fact this 
may require more time than a staged test. In many 
cases the range of variation of electrical quantities on - 
Based upon “Testing of High Speed Distance Relays” (No. 33-79) presented 
at the A.I.E.E. summer convention, Chicago, Ill, June 26-30, 1933. Full 


text of that portion of the paper which discusses staged tests is included in this 
article. 
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low voltage tests is rather limited compared to the 
various possibilities with staged tests. Low voltage 
tests give no check on selectivity, current trans- 
former performance, potential transformer per- 
formance, and may not give any check on bell alarm 
schemes or on interlocks. Staged tests will give a 
check on the accuracy of calculations, phase mark- 
ings, line constants and other system data used in 
short circuit calculations, speed of circuit breaker 
opening, adequacy of potential supply, breakdown 
in ratio of bushing current transformers, perform- 
ance on 2-phase to ground short circuits and other 
conditions difficult or impossible to calculate. 


PLANNING PROCEDURE FOR STAGED TESTING 


Much of the description given below is common to 
all staged tests of high speed distance relays on 
transmission systems, but is given in view of the lack 
of published information on the actual procedure. 
The value of the results obtained from staged testing 
is very largely dependent upon the time and skill 
available for working out the test procedure. Staged 
tests on any system become more important and 
valuable from year to year, because the experience 
obtained in previous tests can be utilized as a basis 
for planning future tests. 

The risk to equipment is negligible. Staged tests 
of all kinds have been carried on on this system for 
8 years. Interruptions to service on account of 
staged tests have been negligible. 

Very little information is available from manufac- 
turers on staged testing. On account of the need of 
time to make plans for staged tests, it is desirable to 
plan these tests at least one week ahead of time if 
possible. In emergency, staged surveillance tests of 
limited scope have occasionally been run on less than 
12 hours’ notice, but conditions are not always 
such as to permit this procedure. The certainty, 
accuracy, and utility of the results will be more or 
less directly proportional to the time spent in plan- 
ning. Procedure in arranging for staged tests will 
usually follow more or less the following outline: 


1. Determine scope of tests. 


Determine the general scope and extent of the tests. This really 
amounts to listing the questions to be answered by the tests and 
determining the emergency operating conditions which should 
provide the answers to these questions. 


2. Arrange for service interruptions. 


Make arrangements with the commercial departments or others 
concerned for permission to interrupt customers by appointment, 
or if there will not be any interruptions, investigate the effect of 
surges or voltage variations and get the consent of those concerned. 
If tests are to be made on the high voltage system, it is well to notify 
interconnecting companies. 


3. Cooperate with communication organizations. 


Unless all the tests are to be phase-to-phase short circuits, and there 
is no possibility of accidental or intentional faults to ground, all 
communication companies likely to be affected by ground current 
should be notified. While this can sometimes be done on short 
notice, it involves considerable expense and loss of time to stop 
field crews and have them wait until the tests are over, and it is 
much better to have other work planned for them a few days 
ahead of time. ; 


In a few cases involving main toll routes it may be impossible to 
re-route all traffic except late at night or on Sunday. Occasion- 
ally where induction is expected the teleplione company will have 
the operators turn down the lines against traffic. This considerably 
complicates the test schedule and generally results in making it 
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very difficult to get through long distance calls for dispatching or 
to communicate with the telephone test board. It is therefore 
desirable to insist that the telephone company either re-route 
affected lines, or notify the power company dispatcher before turn- 
ing them down to traffic. 


The communication companies will frequently desire to make tests 


of their own at the same time the power company is testing and are 
usually willing to interchange data and observations. This is of 
considerable assistance to the power company, especially in case 
of the telephone company, since the Bell System generally makes 
available considerable oscillographic equipment and trained ob- 
servers, and it may provide facilities for measurements that the 
power company cannot easily handle. 

As will be noted from the above suggestions it is vital that the operat- 
ing department of the power company work in close cooperation with 
the plant departments of all affected communication companies in 
planning and executing the tests. 

Needless to say, the same notification should be given the telephone 
department of the power company. 


4. - Consider power system load conditions. 


In many cases the schedule for the tests will be governed by load 
conditions on the power system. Certain tests may not be eco- 
nomically practicable except under certain generating and load 
conditions, and the tests should be planned far enough ahead to 
permit them to be carried out successfully with the minimum addi- 
tional expense for power. 


5. Testing advantageous at time construction is 
completed. 


As nearly as possible the starting of staged tests should be syn- 
chronized with the completion of construction. Testing before 
construction is completed is likely to be a waste of time, since there 
is no assurance that control wiring may not be changed. If con- 
struction is completed before testing is begun, major equipment 
should not be cut in service until protective equipment is com- 
pleted and finally tested. The arrangements that held during 
construction should be maintained until testing is completed. 
Cutting in power equipment or lines initially without protection 
or with untested protection results sooner or later in serious trouble 
for the relay department, including lack of confidence in personnel 
and equipment. With these factors in mind it is usual to plan 
installation testing to begin immediately after construction is com- 
pleted, allowing some time for unexpected delays in completing 
construction. If the construction crew is released before testing 
is done, it is generally advisable to keep at least a switchboard 
wireman so as to change control wiring as required to get correct 
phasing. Some companies do not put up meter and relay con- 
nections permanently until after final tests, but this has the dis- 
advantage that it is difficult to complete these connections in a 
permanent manner during the tests, and if the work is done later 
it cannot be checked. Every effort should be made to have all 
control changes completed before or during testing, so that there 
is a minimum possibility of unsupervised and untested changes 
afterward. 


6. Predict fault currents. 


The approximate magnitude or limits of expected fault currents 
should be determined by calculation or on a short-circuit table, 
and furnished to the test men. These data will determine the 
ranges of oscillograph shunts, the ratios of current transformers, 
potential transformers, and indicating meters. 


7. Secure good ground connection. 


The faults should be placed at a location where there is a good ground 
connection, if ground faults are to be made, or if there is any possi- 
bility of accidental faults to ground. Where this precaution is not 
available it is necessary for all observers to keep possibly 100 ft 
away from the fault, and avoid any connection of instruments in 
the circuit between the fault and ground. Where good ground 
connections are provided, the ordinary insulation in instruments 
and control leads is sufficient against the rise of ground potential, 
and there is no danger to observers unless the ground lead is touched. 
It is good practice to make ground resistance tests with a ground 
megger and to see that all grounds at the point of test are solidly 
tied together and are of sufficient conductivity that they will not 
burn open. 


8. Maintain company communication facilities. 


Arrangements should be made to preempt the communication 
facilities needed for dispatching during the tests, and other depart- 
ments should be given sufficient notice, so as to incur the minimum 
inconvenience to routine traffic on the company telephone lines. 
If this is not done considerable expense and unsatisfactory test 
results are likely to result from delays in switching caused by lack 
of communication. Without constant communication any incorrect 
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relay operations or unexpected difficulties may interrupt service to 
customers, and it is therefore desirable that points involved in 
switching and _ testing should have 1 and preferably 2 means 
of communication at all times during the tests. It is generally 
desirable to maintain telephone communication between all points 
affected, for several minutes before and after each test. This also 
facilitates getting a prompt record of the test results and restoring 
service quickly. However, on ground tests the company tele- 
phones may have to be disconnected by opening the entrance 
switch, if induction is unusually heavy and if communication during 
the fault is not absolutely required. It is also desirable to have a 
telephone man pull the carbon blocks on the telephone protectors 
if the rise of ground potential is above that required to ground the 
carbon blocks but below the flashover point of the rest of the inside 
wiring. In synchronizing test procedure between distant points 
without communication, telechron clocks with second hands are of 
great service. 


9. Arrange for personnel necessary. 


The personnel present at the scene of the test or at strategic points 
on the system will naturally vary with the nature and extent of the 
tests, but in general there should be men present to read the test 
instruments, operate the oscillograph, develop films, handle dis- 
patching, make calculations (in case of unexpected set-ups), check 
relay performance, make permanent changes in wiring, and keep 
the communication equipment working. The relay engineer or 
the head of the system operating department is likely to be in 
general charge of the tests and is generally present at a point where 
he can keep in close contact with the dispatchers and with the relay 
men. If some of the functions mentioned are handled by other 
departments, it is desirable to have a departinent head or super- 
visor from each other department available at the same point, so 
that decisions can be promptly made and carried out. 


The relay engineer should have available general system short- 
circuit data, wiring diagrams, instruction books, relay settings, and 
all the necessary information to check the results of the tests as 
they are obtained, and to modify the schedule of tests as required 
in order to obtain the most valuable data. 


10. Various types of artificial faults. 


On most relay tests it is desirable to observe the performance of the 
relays under all fault conditions: single phase to phase, 3-phase 
to phase, single phase to ground, and 2-phase to ground. On 
distance relays one of the surest tests of correct phasing and con- 
nections’is for the relays to clear a distant fault in the same time 
for both single and 38-phase conditions. (This assumes delta 
connections of current transformers.) On distance relays it is 
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carbonized. Furthermore, tests involving rope without other 
insulation cannot be made except in dry weather. Where the fault 
can be placed on the line by closing an air break switch or oil switch 
either a solid fault or arcing fault can be provided. Solid faults 
were at first favored as being somewhat quicker and easier to 
handle, but we now use arcing faults almost altogether. Arc faults 
can be started by fuse wire, wet rope or cord (preferably soaked in 
salt water), or by small copper wire. If copper wire is used, calcu- 
lation should be made to be sure it will fuse quickly enough for the 
purpose of the test. The are from a fuse has the advantage that 
it will clear as soon as power is removed. Air break switches are 
not seriously burned by closing on to faults but of course should 
not be opened unless the fault clears. At 110 kv arc faults around 
90 ft can be maintained, although we normally use about 4 ft or 
the length of an insulator string. At 2,300 volts it is impossible 
to maintain an are more than a few inches, but at 154 kv the arc 
can be drawn out to surprising distances. Dependence therefore 
should not be placed in separating the are terminals to put the arc 
out as it is pretty sure to hang on until the power is cut off. If 
there is any breeze present the arc is likely to travel a considerable 
distance, unless it occurs on top of horn gaps or between other 
isolated high points. Sufficient overhead clearance should also be 
provided on are faults as the arc will rise to surprising heights. 
Unless a ground fault is made, adequate clearance should be pro- 
vided so that the are cannot unexpectedly go to ground (and prob- 
ably interrupt communication). Almost no interference with 
communication is experienced on straight phase faults. In placing 
solid faults, conductor of the same size as the transmission line 
should be used. Ground chains will not stand this service as they 
arc between links and are likely to burn in two on a single test. 
The most convenient way of placing single end faults on a trans- 
mission line is to place a solid fault across the bus side disconnecting 
switches of an oil circuit breaker and then close the breaker on to 
the line. If the disconnecting switches are 6-pole gang operated, 
the coupling between the line and bus side operating bars can be 
removed so as to close the line side disconnects. 


11. Provide back-up relay protection. 


It is well to provide back-up protection so that if some particular 
circuit breaker fails to operate the fault will not stay on the system 
indefinitely. It is general practice to block one or more breakers 
to insure uninterrupted service to important customers during 
tests, especially since the relays under test are likely to have their 
time set up to facilitate observation. To permit better observation 
of the performance of distance relays during fault conditions it is 
usual to open the trip circuit of the relays being observed if there 
is another breaker which can clear the fault. It is always desirable 
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Fig. 1. One line diagram of 2 switching stations, illustrating a typical staged test 


also desirable to make tests with power supply from either end 
and from both ends. This last condition is difficult to meet, unless 
the line has a tap with a switch init. So far as we know, there has 
never been developed any satisfactory means of placing a temporary 
fault on a hot transmission line with power supplied from both ends, 
except to close a branch line switch. If fuse wire is pulled across 
the line with a paraffined rope there is some possibility of damaging 
the line, unless high speed relays and breakers work perfectly. On 
moderate voltages, the most successful scheme has been to fasten 
a copper ring several inches in diameter on the end of each phase 
of the bus and pull a treated rope through the rings. On one 
portion of the rope a fuse wire is wrapped between the strands to 
start the arc. The rope does not last long as it finally becomes 
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to use first a breaker and set of relays at some other station which 
has been tested. previously to perform the actual function of clearing 
the short circuit. During these early tests the new relays may be 
observed to make sure that their phasing, polarity, etc., is correct, 
after which they may be used to clear the short while the details 
of their operation are being studied. 


12. Time between successive tests. 


The usual time between tests will vary from 15 to 60 min (although 
the writer witnessed a large series of tests on one system run on 
5-min headway). It is desirable to notify the communication com- 
panies before each test. On development tests it is very difficult to 
follow a pre-arranged schedule. 
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DETAILS OF A TYPICAL SHORT-CiRCUIT TEST 


To illustrate the detailed test procedure in a typical 
case reference should be made to Fig. 1, which is a one 
line diagram of 2 switching stations on the Ten- 
nessee Electric Power Company’s system. Station 
B had been thoroughly tested several months pre- 
vious while station A had just been completed with 
the switching arrangement shown. Station B se- 
cured a clearance on circuit breaker 2 and placed a 
3-phase short circuit on the line of this oil circuit 
breaker. The tie line on circuit breaker 8 (station A) 
is a direct tie to a generating plant where it is tied 
into the system. There are no loads tapped off of 
this tie line. On the other hand the tie line on 
circuit breaker 9 has a number of tapped loads some 
of which are very sensitive to voltage changes. The 
tie line on breaker 2 has tapped loads but these were 
supplied from the other end of the tie line by opening 
a sectionalizing air break switch at the load nearest 
station B. The particular switching arrangement 
shown is for the testing of the relays on breaker 6. 
It can be noted that the only customers subject to 
any severe disturbances are those tapped off of the 
tie line between breakers 6 and 4. Of course the 
system was subject to a slight voltage drop in feeding 
the short circuit by way of tie line 8. 

For this particular test the relays on breaker 2 were 
allowed to operate with their normal settings. After 
the oscillograph had been started, breaker 2 was 
closed onto the short circuit and allowed to open by 
relay. At station A the instantaneous elements of 
the distance relays on breaker 6 were set for a re- 
actance of 110 per cent of the line reactance from 
station A to station B. This follows the principle of 
leeway in that the relays are allowed 20 per cent in 
their final settings. Their trip circuits were dis- 
connected from the breaker trip coil and instead a 
resistor arrangement was used so that the relay tar- 
gets would operate and the time when the relays 
would have tripped the breaker would be recorded by 
the oscillograph. The operation of the various ele- 
ments of the distance relays on breaker 6 was ob- 
served during the test while the oscillograph film 
gave considerable data on the transmission line con- 
stants and also recorded the speed of the relays for 
instantaneous operation. 

Since the relays operated successfully on this test 
the relays on breaker 2 were set so as to give a total 
time of approximately one sec. The relays on 
breaker 6 were then set so that their instantaneous 
elements would operate on a reactance of 90 per cent 
of the reactance of the line from station A to station 
B and their intermediate time elements were set to 
operate for a reactance 110 per cent of this value. 
These values allow the same margin over the final 
settings as before. The intermediate time was set 
at 60 cycles and the relays arranged to operate the 
oscillograph only as in the previous test. These 
special connections of the relays were made by means 
of test jacks inserted in test blocks permanently in- 
stalled on the switchboard, so that no part of the 
permanent switchboard wiring was changed. In this 
manner the possibility of leaving a set of relays re- 
versed or inoperative after the tests are finished is 
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reduced to an absolute minimum. Breaker 2 was 
closed onto the short and allowed to relay as before. 
During this test, observers read the position assumed 
by the reactance arms of the distance relays during 
the short circuit. 

Following these tests a similar test was made 
except that 2 phases of the line were shorted to- 
gether instead of all 3. The relay corresponding 
to the shorted phases should indicate the same re- 
actance as it did during the 3-phase short-circuit 
test (assuming delta connected current transformers). 
The final check on the distance relays of breaker 6 
was made later when an arcing fault was placed at 
station A on the line side of breaker 6. In this case 
the relays were allowed to trip the breaker. By 
means of the oscillograph a check was obtained on 
the accuracy and speed of the relays for nearby short 
circuits and in addition the performance of the oil 
circuit breaker could be analyzed. 

In testing the relays on oil circuit breaker 8 a short 
circuit was placed at the far end of the tie line. Dur- 
ing the earlier tests the performance of the relays on 
this circuit breaker had been observed with regard to 
phasing and polarity by reversing these relays and 
blocking their trip circuits with test jacks. It was 
therefore thought unnecessary to arrange for the 
breaker at the far end of the tie line to clear the short 
circuit. For these tests station B was arranged so 
that all oil circuit breakers were closed and all trans- 
fer bus air break switches were open. At station A 
oil circuit breakers 6 and 7 were closed and 9 was 
open. Oil circuit breaker 8 was used to close in onto 
the short circuit. Air break switches 23 and 19 were 
closed. This arrangement was used in order to 
supply sufficient short-circuit current for the tests. 
A good many customers were subjected to a slight 
drop in voltage but the impedance of tie line 8 acted 
as a cushion for them. 

In testing the relays on breaker 9, it was desirable 
to cause as little disturbance as possible to the cus- 
tomers located along this line. Consequently for the 
early tests, air break switches 18, 24, and 19 were 
closed, and oil circuit breakers 6 and 7 were closed 
while breaker 8 was open. Breaker 9 was used to 
close in on the short circuit at the end of tie line 8 by 
way of the transfer bus at station A. Of course an 
air break switch at the nearest customer on tie line 9 
had been opened before the test. After the relays on 
breaker 9 had been checked in this manner as thor- 
oughly as necessary, the system set-up was changed 
and an arcing short was placed at the far end of tie 
line 9. Breaker 9 was allowed to open by relay and 
to reclose instantly by means of its regular instan- 
taneous reclosing relay. In this manner considerable 
data on the line constants was obtained by means of 
the oscillograph, with only one disturbance to the 
critical customers on tie line 9. 

Many expedients may be used where the full 
switching facilities shown on Fig. 1 are not available. 
For example, certain makes of 6-pole gang operated 
disconnecting switches may be made to operate 3 poles 
at a time by removing one pin in the operating mecha- 
nism. At times it is necessary to place a short circuit 
on the bus side of the oil circuit breaker and reverse 
the connections of the relays by means of test jacks. 
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Resuscitation 
by Countershock 


The possibility of recovery of the fibril- 
lating heart has been the subject of ex- 
tensive experimental work, the results of 
which demonstrate conclusively that nor- 
mal rhythmic functioning can be restored 
successfully in many cases. 


By 
W. B. KOUWENHOVEN 


MEMBER A.1.E.E. 
R. D. HOOKER Both of the Johns Hopkins 
NON-MEMBER Univ., Baltimore, Md. 


L. IS WELL KNOWN that an electric 
shock causes muscular contraction, and that this 
contraction is greater for high voltages than for low 
voltages. When a small 60-cycle alternating current 
passes through the heart, experience and experi- 
ments show that it apparently is not great enough 
to inhibit heart action entirely, but sufficient only to 
destroy the regular, coordinated muscular activity 
of that organ, with a result that ventricular fibrilla- 
tion is induced. When the ventricles of the heart go 
into fibrillation, the activity of the cardiac muscu- 
lature no longer is coordinated and a cessation of 
blood circulation results. The human heart as well 
as certain animal hearts, such as that of the dog, 
seldom recovers spontaneously from fibrillation. 
Death, therefore, usually results. Thus, ventricular 
fibrillation is believed to be one of the principal 
causes of fatalities in cases of low voltage electric 
shocks, and of the failure of the victim to respond to 
artificial respiration. 

Experiments have proved definitely that the heart 
may be thrown into fibrillation by a low voltage 
electric shock. Strong currents, however, suddenly 
and momentarily applied, produce sufficient con- 
traction to bring the muscles completely to rest. 
This pause in heart action may last from a few 
seconds to about a minute, after which the organ 
will resume its normal, rhythmic beating. 

For some time the authors have been conducting 
a detailed study of the effects of 60-cycle alternating 
current upon the dog heart, with particular reference 
to fibrillation. Funds for the support of this work 
were made available through the generosity of the 
committee on physiology of the Conference on 
Electric Shock. The work was undertaken as an 
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investigation of the suggestion made in Italy! in 
1899 that ventricular fibrillation does not result 
when a large current flows through the body, and 
that if present it can be stopped by the application 
of a high voltage countershock. That this state- 
ment is true is evidenced by the results of the experi- 
ments here recorded, which experiments have proved 
that a suitable electric countershock may be used to 
resuscitate a heart thrown into fibrillation as a result 
of an electrical accident, or other causes. All ani- 
mals used in this investigation were deeply anes- 
thetized with morphia and ether. 


COMPARISON OF HIGH VOLTAGE 
AND Low VOLTAGE SHOCKS 


In the preliminary experiments circuits of from 
110 to 2,200 volts were available. Contacts with an 
animal under test were made by means of 2 elec- 
trodes soaked in saline solution, one applied to a 
shaved area on the head and the other either to the 
tail or hind leg. In a series of 7 experiments, using 
the 2,200-volt circuit on intact animals, currents of 
4 amp or more were passed through the animals 
many times for periods of from 1/: to 5 sec without 
causing ventricular fibrillation. In one case, how- 
ever, in which the initial current was well in excess 
of 5 amp, the current fell gradually to zero during 
the 5-sec shock, resulting in ventricular fibrillation. 

To show the difference between the high voltage 
and low voltage shocks, consider one experiment in 
which both types of shocks were applied to the same 
animal. A current of several amperes was passed 
through this animal twice for periods of from 2 to 
5 sec without any permanent effect upon the heart or 
respiratory center. The animal recovered without 
the use of artificial respiration and, following each 
of these high voltage shocks, the pulse and breathing 
were normal. Then the animal was given a 2-sec 
shock from the 110-volt circuit, the current flowing 
equalling 0.1 amp. Following this shock, there was 
no evidence of peripheral pulse and, upon opening 
the thorax, the ventricles were observed to be in 
fibrillation. Another animal, exposed to 2 2,200- 
volt shocks and then allowed to recover from the 
anesthetic, showed no evidence of injury, and when 
visited 2 days later it was eating and playing with 
the other animals. 

The evidence of these tests confirms the statements 
of the earlier investigators! and shows clearly that as 
far as the dog heart is concerned, the small current 
resulting from a low voltage shock is much more 
deadly than a current 50 times as large. 

In the experiments reported in the foregoing, the 
heart lay directly in the path of the current, giving 
rise to the question as to how much of the current 
actually passed through that organ. Results of an 
earlier investigation? show that in a dog one-tenth 
of the total current passed through the heart when 
the current flowed from the head to the hind legs or 
from right fore leg to hind legs. On this basis, 
0.01 amp was sufficient to cause ventricular fibrilla- 
tion in the dog. To check this current value several 
experiments were made on animals with the chest 
open and the heart exposed. Electrodes used con- 
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sisted of 1-in. brass disks which were applied directly 
to opposite sides of the heart. In 5 animals tested, 
the average current required to upset the normal 
rhythmic activity of the heart and to throw the 
ventricles into fibrillation was found to be 0.0086 
amp. 

With larger values of current, using the same 1-in. 
electrodes, it was found that the currents of from 
0.7 to 1 amp inhibited all activity in the heart muscle 
and did not result in fibrillation. Three different 
effects were observed: When the circuit was broken 
suddenly by opening the switch, the heart remained 
quiet for a few seconds and then resumed normal 
beating; when the current was reduced gradually 
from its high value, the heart would go into fibrilla- 
tion at about 0.4 amp; and when the current .was 
raised gradually from a low value more than 0.7 amp 
was required to bring the heart to rest. 


COUNTERSHOCK CURRENT 


These experiments proved that currents from a 
few milliamperes to 0.4 amp flowing through the 
heart for several seconds would throw the ventricles 
into permanent fibrillation, whereas currents of 0.8 
amp or more momentarily applied would stop 
fibrillation. Fibrillation also resulted when a large 
current flowed through the heart for 15 sec or more. 
In no case was a current of 0.45 amp or less sufficient 
to stop fibrillation. Although a period of 5 sec is not 
excessively long, a 1/2 sec application of a heart 
current of 1 amp is just as effective as a longer 
application; in fact, effectiveness of the counter- 
shock seems to depend to a degree upon the brevity 
of its application. Experiments showed that a 
current larger than 0.8 amp was required to stop 
fibrillation when the current was increased gradually 
from a low value. For example, a current starting 
at 0.008 amp and gradually increased to 1 amp 
without opening the circuit failed to stop fibrillation 
when the circuit finally was interrupted. However, 
a few minutes later a countershock of 0.8 amp sud- 
denly and momentari y applied to this same heart 
promptly stopped the fibrillation and the heart subse- 
quently resumed its normal rhythmic activity. All 
these statements apply to a current path through 
the heart transverse with respect to the axis of that 
organ. 


APPLICATION OF COUNTERSHOCK 
TO THE INTACT ANIMAL 


In experiments conducted to date, countershocks 
have been applied to intact animals by means of 
electrodes placed on either side of the thorax, the 
one on the left side directly over the heart and the 
one on the right somewhat lower down on the side 
of the animal. These positions of the electrodes 
provide a body circuit avoiding tissue that might be 
injured by the passage of electric current. Under 
these conditions and using electrodes having an 
area of 2.75 sq in., wrapped with a few layers of 
gauze soaked in saline solution and held in place by 
means of a rubber tube knotted around the body, 
fibrillating hearts have been recovered successfully 
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with a total circuit current of 6 or 7 amp. This 
large current was required to insure that approxi- 
mately 1 amp would flow through the heart, and its — 
use required a circuit of from 200 to 300 volts. 

A study of circuit conditions reveals a large contact 
drop at each electrode practically independent of the 
size of the electrode, a situation contrary to a simple 
ohms law relation. Experiments using electrodes of 
different sizes, one set having an area of 2.75 sq in., 
and the other having an area of 13 sq in., gave the 
results shown in Table I. The use of electrodes 
equipped with needle points to penetrate the skin, 
resulted in a lower contact voltage drop and reduced 
the circuit voltage required to send the desired cur- 
rent through the body. 


RESUSCITATION EXPERIMENTS 
WITH COUNTERSHOCK 


Having established the limiting conditions already 
mentioned, attention was turned to the resuscitation 
of intact animals whose hearts had been left in fibril- 
lation for varying periods of time. In these experi- 
ments the procedure was to place the animal under 
full morphia-ether anesthesia, fasten the electrodes to 
the body as previously described, and to induce 
ventricular fibrillation by administering a 110-volt 
a-c shock of a few seconds’ duration. Subsequently, 
after varying intervals, the countershock was given 
with the same electrodes but with a voltage sufficient 
to send 6 or 7 amp through the animal The condi- 
tion of the heart during these experiments was 
determined by means of an electrocardiograph. 

In 19 out of 22 experiments the countershock 
brought the heart to rest, and in 16 of these 19 cases 
the heart resumed proper beating following the 
countershock.* It was found that if the heart were 
not left in fibrillation for more than 2 min the 
countershock alone was sufficient to resuscitate 
the animal and that the heart action that followed, 
although weak at first, rapidly increased in vigor and 
was sufficiently strong to reestablish blood circula- 
tion and result in permanent recovery. 

In the tests, animals whose hearts had been left in 
fibrillation for periods up to 5 min were resuscitated 
successfully. However, in cases where the heart re- 
mained in fibrillation for more than 2 min spontane- 
ous recovery of effective beats did not follow the 
countershock, although the countershock did stop 
fibrillation and enable the heart to resume a feeble 
beat. In these test cases stimulants were required 
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to strengthen the heart action and obtain permanent 
recovery. The most satisfactcry stimulant* found 
was an injection of 2 cc of adrenalin of chloride 
1:1,000 in the central end of the carotid artery, 
followed by an injection under a considerable pres- 
sure of a solution made up of calcium chloride 
(CaCl, 0.046 per cent) in a sodium chloride solution 
(NaCl 0.9 per cent) to which had been added a small 
amount of heparin. This latter solution, oxygenated 
and warmed to body temperature, was injected into 
the carotid artery where it passes through the neck, 
the amounts required varying from 4 to 10 cc per 
Ib weight of the animal under test. This injection 
resulted in circulating a powerful cardiac stimulant 
in the coronaries and to fill the relaxed vascular bed 
so that when the ventricles did beat there was 
sufficient peripheral resistance to continue the coro- 
nary flow. Under these conditions, if the blood 
coming from the lungs is adequate for the needs of 
the heart, a continuation of heart action may be 
predicated. 

Among the 16 initially successful resuscitations 
were 5 cases in which a strong and regular pulse 


Communication 


by Carrier in Cable 


Considerable development work on carrier 
in cable has included an extensive installa- 
tion on a 25-mile loop of underground 
cable. Sufficient pairs were provided in 
the cable and repeaters installed to set up 
9 carrier telephone circuits 850 miles long. 
Tests showed transmission quality to be 
satisfactory, and adequate prevention of 
interference was secured. The obtaining 
of large numbers of carrier telephone cir- 
cuits from cable was proved to be prac- 
ticable. 


A TRIAL installation recently was 
made in which, for the first time, carrier methods 
were applied to wires contained wholly in overland 
cable for the purpose of deriving a number of tele- 
phone circuits from each pair of wires. The trial 
centered at Morristown, N. J. A 25-mile length of 
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deve’ oped following the countershock only to fade 
away gradually some 15 or 30 min later. For these 
partial successes no explanation is offered unless it be 
that the resistance of the organism was insufficient 
to counteract the consequences of the period of 
circulatory rest. If this explanation be correct it is 
possible that with more careful nursing and adequate 
stimuli the animals might have been carried over the 
period of depression. 
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underground cable was installed in the regular ducts 
on the New York-Chicago route in such a manner 
that both ends terminated in the long lines repeater 
station at Morristown. The cable contained 68 
No..16 AWG (1.3 mm diam) non-loaded pairs on 
which the carrier was applied. Sufficient repeaters 
and auxiliary equipment were provided at Morris- 
town so that these 68 pairs could be connected to- 
gether with repeaters at 25-mile intervals to form 
the equivalent of an 850-mile 4-wire circuit. 

From this 850-mile 4-wire circuit 9 carrier telephone 
circuits were derived, using frequencies between 4 and 
40 ke. The diagram of Fig. 1 shows the system sim- 
ulated by the experimental set-up. 

In a practical installation the one-way paths would 
be shielded from each other either by placing them in 
separate cables or by placing them in a single cable 
divided into 2 electrical compartments by means 
of a specially arranged shield. In the set-up at 
Morristown the circuit was necessarily arranged 
somewhat differently since only one cable was avail- 
able. Transmission over all loops in this cable went 
in the same direction, half the loops then being con- 
nected in tandem to simulate one direction of trans- 
mission through a long circuit and the other half in 
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tandem to simulate the other direction of trans- 
mission. 

It will be noted that in the cable system of Fig. 1 
the practical equivalent of 2 electrical paths was 
provided, one for transmission in each direction, the 
same range of frequencies being used in each direc- 
tion. This differed from common open-wire prac- 
tice in which the frequency range is split in 2 and 
used, one half for transmission in one direction, the 
other half for transmission in the other. The fre- 
quency allocation of the Morristown cable carrier 
system is compared in Fig. 2 with existing open-wire 
systems in this country. Except for this matter of 
difference in frequency allocation, the fundamental 
carrier methods used in this cable system did not 
differ in principle from those already used on open 
wires. As will be noted in Fig. 2 all of these carrier 
telephone systems use the single sideband method 
of transmission with the carrier suppressed. 

A schematic diagram of the terminal apparatus 
used in deriving one of the telephone circuits is shown 
in Fig. 3. Its general resemblance to the terminal 
apparatus used in present open-wire systems is 
evident so no further discussion of this seems re- 
quired. Five relay rack bays carrying terminal 
equipment (exclusive of line amplifiers) for one 
system terminal yielding 9 telephone circuits are 
shown in Fig. 4. 

Important problems in cable carrier transmission 
are: 

1. Keeping circuits electrically separated from each other, i. e., 
preventing troublesome crosstalk. 


2. Maintaining stability of transmission. 


CROSSTALK 


With respect to crosstalk, the first and most im- 
portant requirement is to secure a very high degree 
of electrical separation between paths transmitting 
in opposite directions. Careful crosstalk tests dem- 
onstrated that by placing east going circuits in one 
cable and west going circuits in another, the neces- 
sary degree of separation could be obtained even 
though the 2 cables were carried in adjacent ducts. 
Tests on short cable lengths indicate that adequate 
separation can probably be secured by means of a 
properly designed shield; one practical form of such 
a shield consists of alternate layers of copper and iron 
tapes. With such a shield a cable may be divided 


478 


into 2 compartments and thus carry both direc- 
tions of transmission. 

Having thus separated opposite bound trans- 
missions there is left the problem of keeping the 
crosstalk between same direction transmissions with- 
in proper bounds. In the cable used for the Morris- 
town trial the 16 AWG pairs used for the carrier were 
separated from each other by sandwiching them in 
between No. 19 AWG (0.9 mm diam) quads of the 
usual construction. These quads served as partial 
shields between the carrier circuits and would in a 
commercial installation have been suitable for regular 
voice frequency use. Thus a considerable reduction 
in the crosstalk between the carrier pairs was effected. 

When the problem of keeping crosstalk between 
circuits transmitting in the same direction within 
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proper bounds is examined it becomes evident that 
no matter how high the line amplifier gains may be, 
these gains do not augment this crosstalk since if all 
of the circuits are alike transmission remains at the 
same level on all circuits. Not so evident perhaps is 
another fact that crosstalk currents due to unbal- 
ances at different points tend to arrive at the distant 
end of the disturbed circuit at the same time. This 
makes it possible to neutralize a good part of the 
crosstalk over a wide range of frequency by intro- 
ducing compensating unbalances at only a compara- 
tively few points. In practice, balancing at only one 
point in a repeater section (which may be an inter- 
mediate point or either extremity) serves to make 
possible considerable reduction of the crosstalk. In 
the Morristown set-up balancing arrangements were 
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applied at an intermediate point in the cable and 
found to be entirely adequate for the frequency range 
involved, in fact transmission of considerably higher 
frequencies would have been possible without undue 
crosstalk. Other tests have indicated that, thanks 
to these balancing means, the 19-gage quads used in 
the Morristown cable for separating the 16-gage 
pairs from each other can probably be dispensed 
with, even for frequencies considerably above those 
used in the trial. 

The experimental panel on which the circuits were 
brought together for balancing was installed in a 
weather-proof hut near the center of the 25-mile re- 
peater section. By this means all pair to pair combi- 
nations in the group to be balanced were brought into 
proximity so that the leads to the balancing devices 
could bekept short. The actual balancing was accom- 
plished by either or both of 2 methods: (1) con- 
necting small condensers made up of twisted pairs, 
between wires of different cable circuits; (2) coupling 
wires of different circuits together through small air- 
core transformers. Each unit was individually ad- 
justed after measurement of the crosstalk between 
the various combinations. 


MAINTAINING STABILITY OF TRANSMISSION 


Referring to the problem of stability, the impor- 
tance of this will be appreciated from the fact that the 
average attenuation at the carrier frequencies em- 
ployed in the 850-mile circuit as set up at Morris- 
town was about 1,300 db. A circuit was actually 
set up and tested consisting of 9 of the carrier links 
in tandem, giving 7,650 miles of 2-way telephone 
circuit whose total attenuation without amplifiers 


Fig. 4. Terminal equipment for 9 telephone circuits 
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was about 12,000 db. This attenuation, on an 
energy basis, amounts to 10%. This ratio, repre- 
senting the amplification necessary, quite transcends 
ratios such as the size of the total universe to the 
size of the smallest known particle of matter. 
Balancing this huge amplification against the 
correspondingly huge loss, to the required precision, 
1 or 2 db, is a difficult problem. Fortunately, 
a new form of amplifier employing the principle of 
negative feedback has been invented by H. S. Black 


55 DEG 


DB PER MILE 
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mission loss of 
16-gage cable 
pair eee er Ra GE! 40 50 


20 30 
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of Bell Telephone Laboratories and may be described 
later in an Institute paper. By making use of 
this negative feedback principle, amplifiers were 
produced for this job giving an amplification of 
50-60 db and this amplification did not change 
more than 0.01 db with normal battery and tube 
variations. This is ample stability even when it is 
considered that, with amplifiers spaced 25 miles 
apart, there would be 160 of these in tandem on a 
circuit 4,000 miles long. 

As is well known, the losses introduced by cable 
circuits do not remain constant even though the 
circuits are kept dry by means of the air-tight lead 
cable sheaths. Variation in temperature is princi- 
pally responsible for the variation in efficiency of the 
circuits. The change in temperature, of course, 
alters the resistance of the wires and to a lesser extent 
changes the other primary constants, particularly the 
dielectric conductance. In Fig. 5 is shown the trans- 
mission loss plotted against frequency of a 25-mile 
length of 16-gage cable pair at average temperature 
(taken as 55 deg F) and also the effect of changing 
this temperature + 18 deg F which is about the 
variation experienced in underground cable in this 
section of the country. For a circuit 1,000 miles 
long the yearly variation amounts to about 100 db. 

The transmission loss at any frequency is a simple 
function of the d-c resistance. Consequently, meas- 
urement of the d-c resistance of a pilot wire circuit 
exposed to the same temperature variations can be 
used to control gains and equalizer adjustments to 
overcome the effect of this temperature variation. 
In Fig. 6 is shown a schematic diagram of the pilot 
wire transmission regulation system used in the 
Morristown experiments, while the photograph of 
Fig. 7 indicates the appearance of the apparatus. 
This pilot wire regulation system takes care of a 
25-mile length of cable. The arrangement of the 
regulating networks is such that variation of a single 
resistance causes the transmission loss to be varied 
q different amount at different frequencies as re- 
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Fig. 6. Automatic transmission regulating system 


quired by the variation in the line loss shown in 
Fig. 5. In Fig. 6 the relay system is omitted for the 
sake of simplicity. The function of the relay system 
is, of course, to control the rotation of the shaft 
carrying the variable resistances so that it follows 
the rotation of the shaft associated with the master 
mechanism. The centering cam is provided to avoid 
“hunting.” 

The Morristown experiments have shown that this 
form of regulation is adequate when underground 
cables are employed. Similar regulation of aerial 
cables in which the transmission variation with time 
is 3 times as large and several hundred times as 
rapid presents greater but not insuperable difficulties. 


OBTAINING H1iGH AMPLIFICATIONS 


The attenuation of cable pairs being inherently 
high at carrier frequencies, high amplifier gains are 
called for, otherwise the cost of the carrier circuits 
goes up very materially. Since as the power carry- 
ing capacity of the repeaters is increased a point is 
soon reached where it becomes very expensive to go 
further, high amplifications must be secured by let- 
ting the transmitted currents become very weak 
before amplifying them. A natural limit to this is 
found in the so-called thermal or resistance noise 
generated by all conductors. (See ‘““Thermal Agita- 
tion of Electricity in Conductors,” by J. B. Johnson, 
Phys. Rev., v. 32, 1928, p. 97-109, and ‘“Thermal 
Agitation of Electric Charge in Conductors,” by 
H. Nyquist, Phys. Rev., v. 32, 1928, p. 110-3.) 
Similar natural and largely insuperable noises are 
introduced by the vacuum tubes in the amplifiers. 
Other sources of noise are: (1) telegraph and sig- 
naling circuits worked on other pairs in the same 
cable with the carrier circuits; (2) radio stations; 
(3) noise from power systems, particularly electric 
railways. The latter 2 disturbances originate 
outside the cable so that they are subject to the 
shielding effect of the lead sheath which increases 
rapidly with increasing frequency. Generally speak- 
ing, in a new cable both of these and also the noises 
from other circuits in the same cable may be rele- 
gated by location and design to comparatively 
minor importance. On existing cables, however, 
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they may require special treatment. In all cases, 
however, the lower levels at the upper frequencies, 
which largely determine the repeater spacings, are 
established primarily by the thermal noise in the 
conductors and by the corresponding noises in the 
vacuum tubes. In the Morristown installation the 
amplifications were kept small enough and the levels 
high enough so that noise was not an important 
factor. 


EXPERIMENTAL RESULTS 


A large number and wide variety of tests have been 
made using the set-up at Morristown. These were 
generally of too technical a character to be of interest 
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Fig. 7. Automatic transmission regulating equip- 
ment, covers removed 


in a general paper such as this one. It will be of 
chief interest to note that no serious difficulty was 
experienced in setting up the 850-mile 4-wire 4 to 
40-ke circuit with the necessary constancy of trans- 
mission loss at different frequencies, although the 
equalizer arrangements which made this possible 
presented intricate and difficult problems of design. 
Nine separate carrier telephone conversations were 
transmitted over this broad band circuit without 
difficulty due to cross-modulation. 

_Each carrier telephone circuit was designed to 
yield a frequency band at least 2,500 cycles wide, 
extending from about 250 cycles to somewhat above 
2,750 cycles when 5 such carrier links are con- 
nected in tandem. This liberal frequency band 
and the very satisfactory linearity of transmission 
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over the entire system, gave a very excellent quality 
of transmission. In order to exaggerate any quality 
impairment which might have been present the 9 
carrier circuits were, as noted previously, connected 
for test in tandem giving a total length of about 
7,650 miles of 2-way telephone circuit. The 
quality of transmission over this circuit also was found 
very satisfactory. In fact, the quality was not 
greatly impaired even when twice this length of one- 
way circuit was established by connecting ail the 
lengths in tandem, giving a 15,300-mile circuit whose 
overall loss without amplifiers was about 24,000 db. 

As noted previously, the fact that the cable pairs 
were left non-loaded gives the cable carrier circuits 
the advantage of very high transmission velocity. 
Including the effect of the apparatus this velocity is 
approximately 100,000 miles per sec; 5 or 6 times 
as great as the highest velocity loaded voice-fre- 
quency toll cable circuits now employed in the 
United States. This velocity is ample for tele- 


Burlington Generating 
Station Improvements 


The installation of a new boiler and high- 
back-pressure non-condensing _ turbine 
which exhausts into 3 older turbines, re- 
duced the fuel consumption at the Burling- 
ton station from 22,000-25,000 Btu per 
kwhr to about 15,000 Btu per kwhr. Elec- 
trical and mechanical details in the im- 
provement of the station are described in 


this article. 
By 
Pub. Serv. Elec. and 
W. Le CISLER Gas. Co., Newark, N. J. 
United Engrs. and 
W. P. GAVIT Constructors, Inc., Philedelphia, Pa. 


Te recent development at Burling- 
ton generating station of Public Service Electric and 
Gas Company of New Jersey is of special interest in 
these days of stringent economies and efforts to make 
existing equipment go as far as possible. The station 
contained 3 12,500-kw turbine-generators from 


Full text of ‘“‘Improvements at Burlington Generating Station’’ (No. 33-76) 
presented at the A.LE.E. summer convention, Chicago, Ill., June 26-30, 1935. 
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phoning satisfactorily over any distances possible on 
this earth. 


CONCLUSION 


Under the present economic conditions there is no 
immediate demand for the installation of systems of 
this type. Consequently development work is being 
pursued further before preparing a system for com- 
mercial use. The final embodiment or embodiments 
of the cable carrier system will probably differ widely, 
therefore, from the system described in this paper. 
Since the transmission performance of the experi- 
mental system was so completely satisfactory, em- 
phasis is now being directed toward producing more 
economical systems which will be applicable to 
shorter circuits. Preliminary indications from this 
work are that some form of cable carrier system will 
ultimately find important application on circuits 
measured in tens rather than hundreds of miles. 


10 to 16 years old with a stoker fired boiler plant 
all operating at 200 lb steam pressure with 150 deg . 
superheat. The fuel consumption was 22,000 to 
25,000 Btu per kwhr which is about what would be 
expected with these steam conditions and equipment 
of that period. 

The installation of a high pressure pulverized fuel 
fired boiler and an 18,000-kw high back pressure non- 
condensing turbine reduced the station heat rate to 
about 15,000 Btu per kwhr. As a consequence of 
this improved economy the Burlington generating 
station is now prime base load capacity and may be 
expected to continue in this classification for some 
years to come. 

An unfortunate accident that occurred in January 
1933 damaged the turbine beyond repair and until 
the new turbine is completed the old units are being 
supplied with steam through a reducing valve from 
the new boiler. 


PLANS FOR DEVELOPMENT OF STATION 


The general development of the generation and 
distribution systems of Public Service Electric and 
Gas Company will require the location of additional 
generating capacity in the district served by Burling- 
ton generating station and tentative plans were 
formulated for the extension of this plant. The first 
step of the extension was to consist of 2 high pres- 
sure 75,000-kw turbine-generators with 4 boilers 
of such a capacity that 3 could produce sufficient 
steam to operate the 2 turbines. 

The load conditions existing at the time these 
plans were formulated indicated that the extension 
would not be necessary until some time later. How- 
ever a capacity contract for the supply of energy 
from a source outside the Public Service system was 
to expire at the end of 1931 and the provision of 
efficient capacity in the Burlington station was de- 
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Fig. 1. Plan of development of 
Burlington generating station 
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sirable as it would obviate the necessity of renewing 
this contract. 

Studies indicated that the efficiency of the Burling- 
ton station as a whole could be raised to a satisfactory 
value by superimposing a high pressure turbine- 
generator upon the existing 200-lb system. Sufficient 
steam for the operation of the station with such a 
high pressure unit could be supplied by one high 
pressure boiler of the size and type contemplated 
for the future extension. If this installation were 
made the old turbine-generators would remain an 
economical part of the station after the proposed fu- 
ture extension was completed as they could be op- 
erated whenever the excess or spare boiler capacity was 
available. With modern steam generating equip- 
ment the time out for maintenance is small so that 
this excess boiler capacity would normally be avail- 
able most of the time. 

With these several factors in mind it was decided 
to install one 30,300-sq ft boiler designed for opera- 
tion with a drum pressure of 730 Ib per sq in. gage 
and a total steam temperature of 850 deg F. A 
pressure higher than 730 lb per sq in. was not adopted 
for 2 main reasons. It was desired to avoid the 
added equipment and operating complications of a 
reheat cycle. Also 730 lb was the maximum for 
riveted construction without going to special or 
expensive design as welded drum construction had 
not been approved by the code of the American 
Society of Mechanical Engineers at the time the 
boilers were under consideration. 

Along with this boiler a turbine-generator was 
installed of 18,000-kw capacity designed for a throttle 
pressure of 650 lb per sq in. and a total steam tem- 
perature of 875 deg F. The turbine was designed 
to exhaust at a maximum pressure of 205 lb per sq in. 
into a header system from which the old turbines are 
supplied. The boiler is capable of producing and 
the turbine can pass sufficient steam to operate the 
3 old turbines at fullload. A plan of the present 
and proposed Burlington station is shown in Fig. 1. 

This program provided 18,000 kw of new capacity 
and brought the old turbines into efficient use with- 
out the expense of any boiler capacity in excess of 
that which would be required for the future 2-unit 
extension. 
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HEAT BALANCE ARRANGEMENT 


A heat balance arrangement was devised which 
took the fullest practical advantage of the possibilities 
of the existing equipment. A diagram of the operat- 
ing heat balance is shown in Fig. 2. The proposed 
arrangement included a 3-stage regenerative feed 
heating system and an evaporator for make-up. 
The low pressure heater is supplied with steam bled 
from the 2 newest of the old turbines. The 
pressure at the lower bleed point of the oldest of the 
3 original units does not correspond to that of 
the other 2 because of a difference in design. It 
therefore was not practical to interconnect the lower 
bleed points of all 3 units. 

The intermediate and deaerating heaters are 
supplied with steam bled into a common header from 
the upper bleed point of all 3 old turbines. The 
high pressure heater receives its steam from the ex- 
haust of the high pressure unit. The lower bleed 
point on the old machine was used to extract steam 
for a make-up evaporator. 

For the loads at which the station was expected to 
operate, a heat rate of about 15,000 Btu per kwhr 
delivered to the outgoing lines was expected. This 
represents an improvement over the old station of 


‘ 


32 to 40 per cent. An additional saving in operating — 


labor and maintenance costs was expected as a result 
of shutting down the old boiler plant. The results 
attained in actual operation fully bear out predic- 
tions as to performance. 


BOILER, FURNACE, AND SUPERHEATER 


A crossdrum straight tube type boiler was chosen 
as offering the least expensive design for the pressure 
decided upon. To have adopted the bent tube type 
would have meant very special design or (at that 
time) the use of forged drums. A high boiler with 
air preheater was used as giving greater simplicity 
and fewer kinds of equipment than a low boiler with 
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Fig. 2. Heat balance flow diagram of Burlington 
generating station 
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economizer and air heater. An overall boiler 
efficiency of about 85 per cent was used as basis of 
design. 

The furnace has water walls on the 2 sides and 
rear and on the part of the front wall above the 
burners. The whole unit is steel encased and in- 
sulated with the casing so placed that all water wall 
and bottom screen downcomers and connections 
from drum to superheater headers are within the 
ceasing. This arrangement avoids the necessity of 
insulating all these pipes, improves the appearance 
of the unit as a whole, and makes it cleaner owing to 
the absence of a multiplicity of external pipes to 
collect dust. 

The superheater is of the multi-loop bare tube type 
and contains approximately 9,200 sq ft of effective 
surface. Various types of superheater were con- 
sidered in selecting this design and arrangement. A 
straight parallel flow design would not give the de- 
sired final steam temperature. A combination part 
parallel and part counter current design would give 
a satisfactory superheat curve but was expensive 
and complicated in design. A straight counter 
current design was finally selected as combining 
economy of cost, simplicity of design, and satis- 
factory performance characteristics. 

Each superheater element consists of 61/2 return 
bends, the upper 51/2 of which are of ordinary 
mild steel, and the lower of chrome vanadium 
steel. It might have been desirable to make a 
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Fig. 4. Single line diagram of electrical connections 


greater proportion of the tubes of alloy steel, but 
the maximum one piece length of alloy tubing ob- 
tainable was only sufficient for one loop. No sat- 
isfactory method for welding 2 pieces of alloy steel 
was known, though it could satisfactorily be welded 
to the ordinary steel. Recently the alloy steel has 
been made in longer pieces and replacement ele- 
ments have a loop and a half of this material. 
However, nothing has occurred in operation that 
would indicate that the additional length of alloy 
steel was essential. 


PULVERIZED FUEL SYSTEM 


Pulverized fuel firing was selected partly because 
the designers felt that units of such size are more 
suited to pulverized fuel firing than to stokers 
and partly because of the flexibility of the pulverized 
fuel furnace in the matter of burning fuels of widely 
varying characteristics. 

The design of the pulverized fuel system combines 
as far as possible the advantages of the storage 
system with its close control and greater flexibility 
with the compactness and straightforwardness of 
the direct system. Bins and feeders are interposed 
between the mills and burners to assure continuity 
of rating on the boiler during temporary stoppage 
of the pulverizing equipment. As will be noted 
from inspection of the boiler room cross section, 
Fig. 3, the raw coal bunker, mills, primary air fans, 
separators, pulverized fuel bin and feeders are 
compactly arranged in a low section of the building. 
The burner pipes extend from the feeders up to 8 
30-in. horizontal burners. This arrangement as- 
sures a maximum of light and air to the boiler firing 
aisle. 

The combustion control system is of the air actu- 
ated type and varies the rate of coal and air supply 
and draft in accordance with changes of pressure in 
the main steam header. 

The forced and induced draft fans are motor 
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Fig. 5. Physical arrangement of indoor bus structure 
driven. Each fan is provided with 2 constant 


speed induction motors, one at each end of the fan 
shaft. One of the motors is of size and speed suit- 
able for operation of the fan at maximum load 
while the other smaller motor is of size and speed 
suitable for operation up to about ?/; maximum 
load. The fans run at constant speed, and regula- 
tion of the quantity of air or gas delivered at either 
high or low speed is by manipulation of the inlet 
vanes on the fans. 

In selecting this drive system, 5 arrangements 
were considered : 


Two constant speed motors with vane control. 
Two constant speed motors with damper control. 


One 2-winding constant speed motor with vane control. 


har gs 


One 2-winding constant speed motor with damper control. 


or 


Two variable speed motors. 


The arrangement with 2 constant speed motors 
and vane control was found to be the most economi- 
cal. This system is also relatively simple and pro- 
vides 2 motors, either one of which may be 
operated in case of trouble with the other. 

The forced draft fans deliver air through a plate 
type air preheater to the burners, mills, and feeders. 
At 525,000 lb per hr actual evaporation the air is 
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preheated to a temperature of 498 deg F and the 
flue gas temperature is thereby reduced to 456 deg F. 


SteEAM CONNECTIONS 


The high pressure turbine is a single-cylinder non- 
condensing straight-reaction unit designed for a 
throttle pressure of 650 Ib per sq in. gage and a total 
steam temperature up to 875 deg F. In view of the 
fact that only one high pressure steam generating 
unit was to be installed it was necessary to design 
the steam system so that the 3 existing turbines 
could be operated on the old boilers in case the 
high pressure boiler should be out of service. Some 
consideration was given a scheme of carrying a 
constant back pressure on the new high pressure 
turbine so that no changes would have to be made 
to the old low pressure units. This was discarded 
in favor of a varying back pressure because of better 
overall economy. The only change to the 3 old 
turbines was the substitution of new nozzles for the 
inlet steam and increased clearances. 

Under normal operation the high pressure unit 
and the 3 low pressure units run as a compound 
turbine, control being entirely by the high pressure 
turbine governor. The generators of the 4 
elements are tied together electrically and the. 
governors on the 3 low pressure units are wide 
open. With this arrangement the exhaust pressure 
from the high pressure unit and consequently the in- 
let pressure to low pressure machines varies with the 
load. 

The auxiliaries in the old station were mainly steam ~ 
driven and the question arose as to the economical 
disposition of the exhaust from these auxiliaries with 
the regenerative cycle proposed for the new installa- 
tion. Studies made to determine the economic value 
of substituting motor drives for the existing steam 
drives indicated a fuel saving sufficient to make such 
a change profitable and most of the station auxili- 
aries, therefore, were motorized. 

The governing system and valve arrangements 
are such that anything but an extraordinary dis- 
turbance of the system is taken care of automatically. 
If one of the generators should be disconnected from 
the load all the steam from the high pressure unit 
would tend to pass through the remaining 2 low 
pressure turbines. These 2 generators would as a 
consequence advance in phase and momentarily 
take an overload. At the same time the pressure 
at the high pressure turbine exhaust would rise 
sharply. This unit is provided with a device to limit 
the exhaust pressure to 205 lb. The rise in exhaust 
pressure would cause this device to function and re- 
duce the flow of steam to the high pressure unit, 
thus restoring the system to equilibrium. 

A by-pass with automatic reducing valve and de- 
superheater is provided between the high and low 
pressure steam headers. If the high pressure unit 
should trip out, steam automatically would be 
passed to the low pressure header through this by- 
pass and operation of the low pressure unit would not 
be disturbed. This also permits the old units to be 
operated on steam from the new boiler during periods 
when the high pressure turbine is out of service, thus 
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allowing advantage to be taken of the higher effi- 
ciency of the new boiler. 


ELECTRICAL CONNECTIONS 
- The station is connected to the Public Service 
Electric and Gas Company’s transmission system at 
both Camden and Trenton, as indicated on the 
diagram of Fig. 4. It also is connected at both 
these points to the Philadelphia Electric Company’s 
system. 

The addition of 22,500 kva to the station capacity 
and the changes made in circuits connecting the sta- 
tion to the Public Service system, brought about a 
condition for which the rupturing capacity of all 
main circuit breakers was inadequate. In order 
to avoid complete replacement of these circuit break- 

ers with building changes which would be difficult to 

make, steps were taken to increase the rupturing 

capacity of the existing equipment. This increase 
was accomplished by changing the system of con- 
nections, introducing reactors, and making certain 
changes to the breakers themselves. 

With these changes, it was necessary to purchase 
new breakers only for connections to the new main or 
synchronizing bus. These circuit breakers are of 
1,000,000-kva rupturing capacity. All 26,000-volt 
breakers were equipped with deion grids which 
appreciably increase their rupturing capacity. The 
physical arrangement of the indoor switching equip- 
ment with the new breakers and new bus on the first 
2 floors is shown in Fig. 5. 

With the new system of connections, each genera- 
tor is connected to the 26,000-volt bus through its 

own transformer or group of transformers, but, in 
- addition, the generators are paralleled on the 13,000- 
volt side through the synchronizing bus, and nor- 
mally remain connected toit. This arrangement per- 
mits the 26,000-volt bus to be sectionalized as de- 
sired. Normally the Camden section of the system 
is connected to one bus section and the Trenton to 
the other. This ties the 2 sections together 
through 2 transformer groups in series, permitting 
the shifting of transformers between the Trenton 
and Camden bus sections as desired. The outdoor 

switching station is shown in Fig. 6. 

The station auxiliaries are supplied from a 13,200- 
volt auxiliary bus. This bus is fed through 2 
connections to the main or synchronizing bus and one 
connection to the 26,000-volt outdoor bus. This 
permits operation of the auxiliary bus from the 
26,000-volt system even though the turbines in the 
station should be shut down, and allows sectionaliz- 
ing of the auxiliary bus as desired.. The spare trans- 
former between the main and 26,000-volt buses also 
may be used for the auxiliary bus supply, thus avoid- 
ing the necessity of a separate transformer for 
auxiliary supply from the 26,000-volt system. 

Two station service feeders are provided, one for 
the auxiliaries in the old station provided with a 
13,200/440-volt transformer bank and the other 
for the new boiler plant substation provided with a 
13,200/2,300-volt transformer bank. The substa- 
tion for the supply of power to the new boiler plant 
is located beneath the latter and is designed to 
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provide for extension to take care of additions as 
they are made. This location is close to the load 
center and permits a simple and direct arrangement 
of feeders to the various motors. 

Excitation of the old units was by separate turbine- 
driven 125-volt generators. The elimination of 
steam auxiliaries previously discussed included these 
exciters and they were replaced with new shaft-end 
generators on the main generators. An emergency 
exciter bus is energized from a motor driven genera- 
tor. The new unit is provided with a 250-volt shaft- 
end exciter and a motor-driven emergency exciter 
which will be connected to the emergency exciter bus 
of the future extensions. 


WELDED PIPE JOINTS USED 


One of the interesting features of this installation 
is the fact that, as far as was practical, pipe joints 
were welded. Flanged joints were used only for 
connections to large valves and where joints must be 
broken frequently. 

This is the first high pressure power plant in which 
welding for pipe joints was used throughout to such 
a large extent. As many welded sections as possible 
were made in the fabricator’s shop, by the electric 
arc weld process using coated rod. The extent to 
which shop welding could be used was of course 
limited by the size of pipe sections that could be 
shipped to the job. Field welds were made by the 
oxyacetylene process and all high pressure pipe welds 
were locally annealed after completion. The valves 


Fig. 6. Outdoor switching station at Burlington 
generating station 


in the larger lines were flanged but many smaller 
valves were welded directly to the pipe. 

The annealing of the large pipe welds presented 
a problem for which no equipment was available. 
A portable box was made up of steel plate lined with 
asbestos which could be placed over the joint. With 
the box in place the joint was heated to the desired 
temperature with oil torches after which the box was 
packed tight with asbestos and the pipe permitted 
to cool. All field welds were tested after comple- 
tion by applying hydrostatic pressure of 1,500 Ib 
per sq in., and hammering with a heavy sledge. 
No failure of welds has been experienced to date. 
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Shortly after the new installation was put in serv- 
ice the price of fuel oil receded to a low level. 
Studies indicated that its use in place of coal would 
result in a material saving in operating cost even 
after deducting fixed charges which included a high 
amortization on the installation cost of the necessary 
oil. equipment. 

A fuel oil storage, handling, and burning system 
was installed comprising a 20,000-bbl tank, an un- 
loading wharf at the river, and the necessary pump- 
ing, heating, and burning equipment. Oil burners 
are inserted through the center of the pulverized 
coal burners and their installation required prac- 
tically no changes in the original equipment. A 
change from oil to coal or vice versa may be made in 
a few minutes and without interruption to boiler 
operation. 


OPERATION 


The boiler and turbine were put in service Febru- 
ary 17, 1932. Outages due to boiler trouble up to 
December 24, 1932, totaled 917 hr representing 
total availability for the boiler of about 88 per cent. 
Outages due to turbine trouble some of which were 
coincident with boiler outages totaled, up to De- 
cember 15, 1932, about 1281 hr, giving a total 
availability of. about 82 per cent. None of the 
outages can definitely be attributed to the pressure 
and temperature or to the system. They were for 
the most part of the character usually encountered 
during the early operating period of new equipment. 

Of the 10 turbine outages 5 were for inspection 
or adjustment, 3 were for changes to bearings, 
1 was to determine the cause of a trip-out and 1 
was to increase shroud clearance. On December 
15th the turbine was shut down to permit installing 
new end tightening on the shroud bands and a new 
design of high pressure dummy packing. At the 
same time some changes were made in the admission 
valve flanges and bolting to improve the expansion 
stress distribution. 

The turbine was returned to service early in Janu- 
ary, 1933, but a few days later was wrecked due to 
some internal failure the exact nature of which has 
not been determined. The vibration accompanying 
the turbine trouble caused the breakage of one of 
the oil lines to the valve operating gear on top of the 
turbine. The leaking oil caught fire resulting in a 
quite serious but localized conflagration. The re- 
sulting damage was confined to the turbine and 
objects near by. Neither the generator of the new 
unit nor any of the other units in the station was 
damaged other than by smoke. The station is now 
operating on steam from the new boiler through a 
reducing valve and desuperheater. 

Operation of the plant aside from the accident to 
the turbine has been satisfactory. There has been 
some corrosion in the superheater tubes, and a few 
superheater tube leaks have occurred due to in- 
complete welding of return bends. 

The turbine was opened up for inspection early in 
August, 1932, and a heavy gray deposit was found 
on the blades from the 12th row down to the exhaust, 
increasing in quantity toward the exhaust end with 
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the last 2 rows comparatively free. This de- 
posit, of course, is carried over from the boiler and 
through the superheater and consists of the materials 
used for treatment of the boiler feed water. Elimi- 
nation of this fouling on turbine blading is one of the 
problems that must be solved in connection with high 
pressure and temperature installations. At Burling- 
ton the deposited material is very soluble and easily 
removed by washing with water. However, the 
turbine must be cooled down considerably before 
water can be introduced and considerable operating 
time must be sacrificed. 

The station has carried a maximum load of about 
53,000 kw with a total steam generation of 625,000 
lb per hr, and when fouling of the turbine can be 
overcome a load at or near this value can be carried 
continuously with oil fuel. With coal firing the 
maximum load carried was 51,500 kw with a total 
steam generation of 550,000 Ib per hr. The higher 
water rate with oil firing is due to a combination 
of the following circumstances: (1) higher tempera- 
ture circulating water at the time the above record 
was made; (2) fouling of turbine blades as previously 
described herein; (8) some steam leakages that de- 
veloped within the turbine. The boiler operated 
continuously from August 13 to December 24, 1932, 
and during this period produced 1,373 million Ib of 
steam. This is an average of about 429,000 Ib 
per hr. 


X Rays— 


an Elementary Discussion 


A POPULAR discussion of X rays which 
may serve to clarify some of the fundamentals of 
this subject to those readers of ELECTRICAL ENGI- 
NEERING not too familiar with these and other highly 
penetrating waves, was presented recently by Dr. 
W. D. Coolidge (A’10) director of the research 
laboratory of the General Electric Company, Sche- 
nectady, N. Y. Doctor Coolidge’s talk follows: 

Thirty-three years ago the world was startled by 
the announcement of the discovery of a new kind of 
radiation, capable of penetrating substances opaque 
to ordinary light. This new radiation had been 
discovered by Professor William Conrad Roentgen, 
of the University of Wurxburg in Germany, and had 


- been produced by passing a high voltage electric 


discharge through a Crookes tube—an evacuated 
glass bulb with 2 metal electrodes. The new radia- 
tion also was capable of affecting a photographic 
plate, or imparting electrical conductivity to gases, 
and of causing certain materials to become luminous 
in the dark. 

Full text of a talk delivered at a colloquium at the General Electric Research 


Laboratory, Schenectady, N. Y., April 21, 1933. Not published in pamphlet 
form, 


ELECTRICAL ENGINEERING 


In spite of a tremendous amount of effort on the 
part of the physicists of the world to unravel the 
mystery, the nature of this new radiation remained 
unknown for the following 17 years. It was then 
fitting that it should be designated by the letter X, 
the symbol so often used in algebra for the unknown 
quantity. 

Regardless of the nature of these new radiations, 
their tremendous importance in the field of medical 
diagnosis was established with the publication of that 
first shadow picture of a human hand made by 
Roentgen. A weaker man might well have been 
lured from the paths of pure science to seek popular 
acclaim and financial gain from the application of 
these new radiations to human needs. But not 
Roentgen. Professor Drude, with whom I studied 
in Leipzig, from 1898 to 1900 and who was well 
acquainted with Roentgen, told me that the latter 
had always regretted having allowed his X ray pic- 
ture of a hand to be published, as it gave a popular 
rather than a purely scientific aspect to his work. 

Through the efforts of many investigators, the art 
of producing X rays has developed very rapidly. 
Radical changes have been made in both the X ray 
tube and the high voltage generator. From a rela- 
tively feeble and very uncertain source of radiation, 
the X ray generator has come to be as dependable 
and as easy to operate as the ordinary incandescent 
lamp, and any desired intensity of X radiation and 
any desired penetrating power can now be produced. 

The general method used is the same today as that 
first employed by Roentgen. In a vacuum, tiny 
particles of negative electricity—electrons—are 
brought, by the use of high voltage, to enormous 
velocities—thousands of miles per second—and are 
then suddenly stopped by collision with a solid body, 
the so-called target, interposed in their path. 

X rays radiate in all directions from the spot on 
the target where the collisions take place. They are 
due to the mutual interaction of the rapidly moving 
electrons on the one hand, and the electrons and 
positively charged nuclei, constituting the atoms 
of the target, on the other hand. 

While this is the only method which we have on 
earth for producing X rays, what we now know of 
their nature tells us that, like ordinary light, they 
would be emitted from any body raised to a suff- 
ciently high temperature. A metal wire raised to a 
temperature of say 1,000 deg F gives off red light. 
As its temperature is increased, light of other colors, 
orange, yellow, green, blue, and violet, is pro- 
gressively added to the red. At the temperature of 
the tungsten filament in the modern incandescent 
lamp, some 4,500 deg F., the light is still quite 
yellow compared with sunlight, but if this tungsten 
filament, which, unfortunately melts at about 
6,000 deg, could have its temperature increased to 
that of the surface of the sun (about 11,000 deg), 
the light would be essentially the same as sunlight. 
If now we could keep on raising the temperature of 
our lamp filament to that of the center of the sun 
and most of the other stars, some 90 million deg F, 
according to the estimates of Jeans and Eddington, 
our lamp filament would become an intense source 
of X rays. While the X rays occur on earth only 
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as a man-made product, they must play a major role 
in the interior of the stars, for it appears to be the 
pressure which these X rays exert on the surrounding 
matter which resists the inward pull of gravitational 
attraction and so determines the size of the stars. 

The riddle of the nature of X rays was solved by 
Professor Laue, of Germany, who found, from their 
behavior on passing through crystalline material 
(rock salt, for example), that they were like ordinary 
light and like radio waves, except that their wave- 
length was much shorter. The wave-length of these 
radio waves is about !/, mile, that of ordinary light 
is about a 50th of the thickness of tissue paper, and 
that of the X rays is about one 10,000th that of 
ordinary light. 

The wave-length of the X rays is determined by 
the voltage applied to the tube, and is halved every 
time the voltage is doubled. The higher the voltage 
used, and the shorter the resultant wave-length, 
the more penetrating are the X rays. For medical 
diagnosis, the voltage used is adapted to the thickness 
of the part to be radiographed, and ranges from say, 
60,000 to 120,000. The same X ray methods which 
have been used for medical diagnosis have proved 
useful for the examination of many of the different 
materials used in industry. 

X rays in sufficient quantity are apparently ca- 
pable of destroying all living tissues both plant and 
animal. It has fortunately been possible to develop 
sufficiently sensitive photographic film and fluoro- 
scopic screens so that the amount of radiation to 
which a human patient must be exposed for X ray 
diagnosis is not injurious. The fact of their physio- 
logical action has led to another important medical 
application; namely, the therapeutic treatment of 
various diseased conditions. 

In the biological field the X rays seem destined to 
play a very important réle, as they have been shown 
to be capable of producing profound changes, 
especially in germ cells, and so affecting heredity in 
both plants and animals. They bring about in the 
laboratory just such changes as are produced in 
nature by the still shorter wave-length, gamma rays, 
and it seems not unlikely that these gamma rays, 
assisted perhaps by the cosmic rays, have been one 
of the most important factors in the evolution of 
our varied plant and animal life. 

In the field of physical science the X rays have 
rendered us their greatest service by enormously 
increasing our knowledge of the structure of matter. 
They have taught us how the atoms which constitute 
matter are arranged, and have permitted us to meas- 
ure the distances between these atoms. They have 
taken us within the atom and revealed to us much of 
its internal structure. They have showed us how the 
atoms of the different elements differ among them- 
selves, and have given us a simple system for the 
arrangement and classification of the elements. 
They have indicated to us vacancies in this system 
and, in the cases of hafnium, rhenium, mazurium, 
and illinium, have helped us to discover missing 
members. Finally, through the increased knowledge 
which they have given us of atomic phenomena, 
they have greatly advanced our understanding of 
cosmic phenomena. 
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Recent Developments 
in Electric Power Generation 


Following its previously adopted custom, 
the A.I.E.E. committee on power genera- 
tion presents in this report a survey of 
developments in the generation of electric 
power during the past 2 years. General 
trends in steam plant practice have been 
toward higher pressures and temperatures; 
trends in power plant design have been 
toward simplification, rehabilitation, and in- 
creased economy of operation. In the 
hydro-electric field an increasing applica- 
tion of the propeller type turbine in low 
head plants has been noted, with some 
indication that in the future the regenerative 
cycle may have a wider application in the 
United States than it has had in the past. 


Aen the intention an- 
nounced in last year’s report, the A.I.E.E. commit- 
tee on power generation* continued to promote the 
discussion of matters in the field of electric power 
generation from a retrospective and generally ana- 
lytical viewpoint, for the particular purpose of 
weighing recent tendencies in design to the end that 
profitable avenues of progress may be revealed and 
utilized when capital investment again is resumed 
on a hitherto normal scale in the construction of 
power-generating facilities. The committee does 
not believe that the present lull in construction ac- 
tivities should result in a stagnation of the directive 
thought that will be responsible for the design of 
power stations in the future, nor in the entire diver- 
sion of such ability to the problems of minor improve- 
ments and operation under reduced output, com- 
mendable and necessary as such duties may be. 
It is glad to report a very real interest among re- 
sponsible engineers in the consideration of the 
major principles governing the economic generation 
of power, and to note that fundamental thought 
and work are being actively continued. 


Full text of the annual report for 1932 of the A.I.E.E. committee on power 
generation. Not published in pamphlet form. 

*Committee on power generation: {J. R. Baker, chairman; F. A. Allner, 
tF. A. Annett, A. E. Bauhan, tJ. B. Crane, E. W. Dillard, J. H. Ferry, N. E. 
Funk, W. S. Gorsuch, F. C. Hanker, J. P. Hogan, F. H. Hollister, A. H. Hull, 
TD. C. Jackson, tA. V. Karpov, tH. W. Leitch, A. H. Lovell, tI. E. Moultrop, 
J. M. Oliver, fA. L. Penniman, Jr., G. G. Post, R. C. Powell, ¢F. A. Scheffler, 
F. O. Schnure, R. E. B. Sharp, A. E. Silver, fA. R. Smith, E. C. Stone, tC. A. 
Powel (alternate for F. C. Hanker). 

t Members of subcommittee on report. 


3. For all numbered references see bibliography. 
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The committee calls attention in this report to 
4 papers® presented at the 1932 A.I.E.E. summer 
convention, Cleveland, Ohio, that discuss current 
practices in the operation of power systems which 
include several generating plants. The success in 
the operating interconnection among a group of 
plants to supply a load area has been one of the 
notable achievements in the last decade in the field 
of power generation. These 4 papers summarize 
present ideas about the most effective methods of 
operating such systems to obtain maximum reliability 
in service and minimum operating cost. They also 
indicate a reduction in operating expenses on repre- 
sentative power-generating systems in the immediate 
past, and give assurance that the improvement in 
operating economy has not been at the expense of 
unjustified carrying charges. 

A group of 4 papers®* 9% 97,98 on hydroelectric power 
generation (presented at the Baltimore, Md., district 
meeting, in October 1932) included: a comprehensive 
survey of the economics of water power develop- 
ments; analyzed the possibilities of the regenerative 
type hydroelectric plant; discussed the develop- 
ment of the latest design of water turbine; and de- 
scribed a recently constructed plant of large magni- 
tude that contains the most powerful Kaplan tur- 
bines yet built and the largest in physical dimensions 
so far installed on this continent. A notable hydro- 
electric plant on the St. Lawrence River of unusual 
magnitude and incorporating novel features for the 
production and distribution of 25- and 60-cycle 
energy is discussed in a paper*’! presented at the 
1933 summer convention. 

The salient features and the economics of high 
pressure and high temperature steam-electric power 
plants were analyzed in a paper*®® presented at the 
1933 winter convention. In the discussion mention 
was made of the modern method of fabricating pres- 
sure vessels by means of the electric arc. 

Although the volume of generating plant construc- 
tion is small in the plants that have been designed 
recently, contemporary ideas as to economy in in- 
vestment and operation are developed to an extent 
that is probably in advance of anything hitherto 
attempted. Progress in the use of large boilers and 
turbines operating at 1,300 lb per sq in. and 850 
deg F with a ratio of one boiler per turbine is ex- 
emplified by the Port Washington plant of the Mil- 
waukee (Wis.) Electric Railway and Light Company. 
The design of this plant is described in a paper? 
presented at the 1933 A.I.E.E. summer convention. 
Another paper’? presented at the same convention 
discusses the rehabilitation of a low pressure steam 
power plant on a large system, which had been prac- 
tically retired except for peak service. This re- 
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habilitation was accomplished by installing a tur- 
bine to operate with throttle steam at 655 Ib per sq 
in. and 850 deg F, and to exhaust at pressures up to 
220 lb per sq in. into the mains that supply the low 
pressure turbines. The compounding of the new 
turbine upon the old station has made an almost ob- 
solete plant the most efficient on the system. 

A’ subcommittee under chairmanship of F. H. 
Hollister has in preparation a symposium on the 
subject “Switching Energy at Modern High-Capacity 
Generating Plants,’ which is contemplated for 
presentation at the 1934 A.I.E.E. winter convention. 
Experience during the more recent years where par- 
ticular generator, bus, and switching arrangements 
are used, will be analyzed, the limitations discussed, 
and the probable trends noted. 

The committee recommends also that the subject 
of regenerative hydroelectric plants presents oppor- 
tunity for the assembly of valuable experience de- 
rived in European plants. The use of this type of 
plant has been more extensive in Europe than in this 
country, but some engineers believe that the future 
will witness an increasing number of such plants in 

the United States. 

The custom of the committee has been to prepare 
a detailed progress report and bibliography in its 
field at biennial intervals; the remainder of this re- 
port therefore summarizes matters of interest that 
have developed or culminated in the past 2 years. 


I—Volume of Power Generation 


When the 1931 report of the power generation com- 
mittee was written, the United States was suffering 
from a 2 years’ drought and a business depression. 
By the end of that year rainfall quite generally had 
become normal. From 1921 to 1929 the amount 
of power generated in public utility plants in the 


United States increased from 41 to nearly 97.5 
billion kwhr, a gain of 138 per cent in 8 years. 
Since 1929 the volume of power generated has 
dropped to 84 billion kwhr, a decrease of 13.9 per 
cent in 3 years. 

Beginning with 1928 to the end of 1931, hydro- 
generated power decreased from a maximum of 
nearly 35.0 to 30.6 billion kwhr, notwithstanding 
that during that period the installed capacity in 
hydroelectric plants increased over 2 million hp. 
Last year was a fairly good water year. Hydro- 
generation increased to near the 1928 figure and 
represented a larger part of the total generation 
than for previous years, being 40.5 per cent. The 
increase in hydro-generated power with a decreasing 
total volume of generation has caused a heavy loss 
in output from fuel burning plants, a drop of 11.9 
billion kwhr occurring during 1931 and 1932. 


II—Generating Plant Construction Progress 


Although the volume of generation by utility 
plants has decreased 13.9 per cent in the last 3 years, 
installed capacity in these plants has increased 
5 million kw, or about 20 per cent. The increase 
in steam plant capacity amounted to about 3.5 
million kw, and in hydroelectric stations, to 1.5 
million kw. This large capacity increase represents 
the completion of construction programs under way 
at the beginning of the depression. Work has been 
practically completed on most of the projects ini- 
tiated within the past 2 years. The present total of 
central-station generating-plant construction budg- 
ets is lower than in any year during the last decade. 

The steam-electric generating plant capacity 
added in 1931 was about 1/3; as great as in 1930 when 
over 2 million kw was placed in operation; in 1932 
the new capacity was slightly smaller in amount 


Photo by Arthur E. Cheesman, New York, N. Y. 


One of the 2. 160,000-kw tandem-compound turbine-generators installed in the Hudson Avenue station of the Brooklyn 
(N. Y.) Edison Company during 1932. The unit operates at 1,800 rpm, is 85 ft 8 in. long, 24 ft wide, and stands 24 ft above 


floor line 
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than in 1931. The 1931 installations were about 
equally divided between existing plants and newly 
constructed plants; in 1932, additions to 3 major 
plants comprised practically the entire new steam 
plant capacity placed in operation. Only 2 new 
major steam plants are now under construction, 
large extensions that have been initiated to 2 existing 
steam plants are being postponed. : i nee 

In the water power field, the new capacity in1- 
tially operated in 1931 in the United States ex- 
ceeded slightly that in 1930; Canadian installations 
in 1931 also were at or above normal volume. The 
decrease in added capacity in 1932 was very marked 
in the United States when the total of several small 
installations was only about 1/5 of the increase in 
1931; the initial operation of the large Beauharnois 
plant in Canada resulted in new capacity there some- 
what in excess of 1/3 of that in 1931. Only one im- 
portant project, Boulder Dam, is actively under 
construction in the United States. There are 
several plants, totaling about 750,000 hp, on which 
work was started but has been postponed tem- 
porarily. Not one important contract for hydraulic 
turbines was let in 1932 in the United States and 
Canada, which is an indication of how seriously water 
power developments have been curtailed. This 
year the contract for the Boulder Dam turbines is 
the only major one to be placed. Unless work soon 
is started on some of the larger projects now being 
considered, hydroelectric construction probably will 
be of small volume for the next few years. 


I1—Interconnection 


While the interconnection of power systems al- 
ready accomplished has continued to promote 
economy in power generation in the 2 years elapsed 
since the last report, but few additional notable 
interconnections have been established. A major 
one has been between the systems of the Niagara- 
Hudson Power Company (N. Y.) and of the com- 
panies affiliated with the Consolidated Gas Com- 
pany in New York City. This interconnection, 
which has been described in Electrical World of 
July 18, 1931, consists essentially of 4 110-kv cir- 
cuits extending from the Mohawk Valley to a switch- 
ing station at Pleasant Valley, about midway be- 
tween Albany and New York City, at which point 
the voltage is changed to 132 kv. From Pleasant 
Valley 2 132-kv circuits will extend into the New 
York City system through existing 132-kv under- 
ground cables. The Pleasant Valley transforma- 
tion is by means of 2 banks of auto-transformers, 
each having a capacity of 100,000 kva. Synchronous 
condensers are connected to tertiary windings in 
these transformers. The parties to this intercon- 
nection expect to realize a saving in generating ca- 
pacity requirements by the exchange of emergency 
service. Also, economy flow and storage power 
transactions will be made possible. 

Another interconnection which is noteworthy in 
several respects is the 220-kv interconnection be- 
tween Baltimore, Md., and Washington, D. C., 
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U. S. Boron of iReciamation Photo 
Boulder Dam, looking upstream through Black Can- 
yon toward damsite, prior to beginning of excava- 
tion of middle gorge. The first concrete was poured 
early in June 


placed in service early this year. It consists of a 
tap on the 220-kv single circuit from the Safe Harbor 
hydroelectric development to Baltimore. It has 
been justified primarily by storage power transac- 
tions; that is, it in effect creates additional generat- 
ing capacity by the proper manipulation of the steam 
generation and hydroelectric storage. This inter- 
connection of course, also, will serve for the purposes 
of emergency service and economy flow. 

During the past 2 years, power system operators 
have been more largely concerned with improve- 
ments of operating technique and a careful combing 
over of possible economies that might be realized 
from existing interconnections. 


FREQUENCY AND TIE LINE Loap CONTROL 


One of the problems that has been receiving con- 
siderable attention, especially where several systems 
covering an extensive area with many power sta- 
tions are involved, has been that of tie-line power- 
flow control with its related subjects of frequency 
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and time control. The admirable papers of Sporn 
and Marquis, and of Purcell and Powell (see bibli- 
ography) exemplify the thought that has been given 
to this problem, and portray its status. 

Elementally in a group of interconnected systems, 
where control of the tie line flow is necessary be- 
cause of physical limitations or desired in order to 
meet contractual requirements, frequency (and time 
indication) must be regulated by some one system. 
Tie line flow is regulated by the other systems— 
each regulating the flow in only one designated tie 
line, usually in one of the lines with which it is 
directly connected—by variation of generator phase 
angle through governor control. 

If 2 or more of the interconnections form a loop, 
the foregoing regulating scheme must be supple- 
mented by a phase shifting device in one of the 
interconnections forming a part of that loop. The 
flow in one of the interconnections of that loop, 
usually although not necessarily the one in which the 
phase shifter is situated, must be controlled by the 
phase shifter. 

In some groups of systems, manual operation 

under such a plan is satisfactory, especially where 
the controlled quantities are indicated on meters 
before the eyes of the respective operators control- 
ling those quantities as against being relayed to them 
by telephone messages from distant points. In 
other interconnected groups, where conditions are 
not so favorable, the transient conditions caused by 
load variations and emergency conditions impose 
load swings on the frequency regulating station or on 
the tie lines, which exceed the limits of the equip- 
ment or are otherwise undesirable. 
To the extent that these difficulties are caused by 
- the limitations of manual control, automatic fre- 
quency control and tie-line load control devices 
have been developed and _ successfully applied. 
Where the difficulty has been the inability of the 
frequency regulating station to handle its task, 
effort has been directed toward distributing the 
frequency regulating function to several stations in 
_ different parts of the interconnected system. Auto- 
matic frequency regulators so distributed have been 
adjusted to operate successfully in parallel and, aside 
from distributing the frequency regulating burden, 
have eliminated erratic behavior of tie line flow. 
But where complete tie line control also is desired, 
they must be coordinated in their operation with 
tie-line load control devices. Development work 
on such coordination is in progress. 

In the case of tie line control, whether it be manual 
or automatic, difficulties arise when the controlling 
station is remote from the controlled point; perhaps 
telemetering principles will be resorted to in such 
cases. A case in point is an interconnection in 
northern New Jersey between the systems of the 
Public Service Electric and Gas Company and the 
New Jersey Power and Light Company, the flow 
_ over which at times is being regulated by the Cono- 
wingo hydroelectric plant in Maryland some 130 
miles away. Communication between the con- 
trolled and the controlling points is by telephone. 
The control, of course, is rather rough, but further 
refinements in this case are not warranted. 
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PHASE SHIFTERS 


The problem of power flow control in intercon- 
nection loops referred to previously will become of 
increasing importance if and when business condi- 
tions warrant the installation of additional inter- 
connections between systems which at present are 
directly or indirectly interconnected. 

Phase shifting by quadrature additions to voltage 
either in the interconnection transformers themselves 
or in separate series units is, of course, technically a 
very satisfactory solution. But such equipment 
adds considerably to the cost of an interconnection 
and may make it uneconomic. Consider the case 
of Company A which for several years has had a 
low voltage interconnection with Company JB; 
Company C, which is interconnected with Company 
A, desires to establish a large, important, high volt- 
age interconnection with Company D, which in turn 
is tied in with Company B. The loop thus formed 
renders some one of the original interconnections 
inoperative, unless phase shifting equipment be in- 
stalled. Since the cost of phase shifting equipment 
is proportional to the size and voltage of the inter- 
connection, the cost of installing such equipment in 
the new interconnection may be prohibitive; per- 
haps it may be installed less expensively in one of 
the older ties. If so, questions of ownership, financ- 
ing, cost responsibility, and cooperative control 
become complicated. 

In some cases it may be possible to omit phase 
shifters, if the resulting uncontrolled power flow is 
physically tolerable and if satisfactory contractual 
and billing arrangements among the companies in- 
volved can be made. Contractual difficulties usually 
are slight when only 2 companies are involved, but if 
there are 3 or more companies in the loop, such 
solutions are not always available. 

Note should be made of the rather large phase 
shifting transformers in use by the Texas Power and 
Light Company at their Temple substation, as de- 
scribed in the Electrical World, November 22, 19380. 
Transformers of this type can be arranged to serve 
either as phase shifters or as voltage-ratio changers, 
which may be desirable as changes in contractual or 
corporate relationships occur. So far as known the 
largest phase shifter yet built will handle the output 
of a 100,000-kva 26/66-kv transformer bank on a 
feeder between the State Line and Calumet sta- 
tions in Chicago, IIl. 

It is to be expected that if improved business con- 
ditions bring about additional interconnections, 
phase shifting devices will be required in more cases 
than in the past. Even where loops are not formed, 
the possibility of their occurring at a future time 
may call for designs which will permit the later in- 
stallation of phase shifters. 


TIME REGULATION 


Either by directed effort, or as a result of the in- 
stallation of automatic equipment to facilitate power 
flow control, the time regulation of some systems 
has reached a point which is beyond practical re- 
quirements. The systems of the North Atlantic 
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Pleasant Valley (N. Y.) substation of the New York Power & Light Company, where the Niagara-Hudson and New York Edi- 
son transmission systems are interconnected through 2 banks of 110/132-kv 100,000-kva auto-transformers 


seaboard are operating with a time error not exceed- 
ing 20 sec. Another group of interconnected sys- 
tems is said to be capable of operating with a fre- 
quency deviation not exceeding 1/9 cycle (at 60 
cycles) and a cumulative time error of not to exceed 
3 sec. 


EcoNoMY 


The general search for savings in all branches of 
power system operation has not slighted any pos- 
sibility for such savings arising from interconnection. 
There has been increasing appreciation of the be- 
havior of power station production expense, par- 
ticularly in the matter of distinguishing between 
those costs that are proportional to output and those 
that are not. The article on ‘“‘Calculating Savings 
from Power Interchange’’ by E. C. Brown, appearing 
in the Electrical World of February 20, 1932, outlines 
in considerable detail the methods used in deter- 
mining savings in the Connecticut Valley Power 
Exchange. P. B. Juhnke, in Electrical World, 
August 22, 1931, outlines perfections which have 
been made in the contractual relations of the com- 
panies operating in the Chicago district. 


NOMENCLATURE 


As a result of discussion of the 1930 summer- 
convention papers, the joint subcommittee on the 
subject of interconnection (formed by representa- 
tives of the committee on power generation and 
other interested committees) has formulated defini- 
tions of the various types of service rendered by inter- 
connecting facilities. The joint subcommittee, how- 
ever, has not yet taken steps toward their official 
adoption. 


INDUSTRIAL INTERCONNECTIONS 


Exigencies of the time have occasioned consider- 
able study of the principles of interconnection be- 
tween utility systems and the power plants of in- 
dustrial customers. Industries utilizing quantities 
of process steam or having available by-product 
fuel have shown continued interest in by-product 
power production by the installation of high pres- 
sure boilers with extraction turbine-generating ap- 
paratus. This development frequently results in 
the definite cooperation between industry and utility 
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in the production of both steam and electric power. 
To the several notable instances mentioned in the 
1931 report of the power generation committee 
should be added that of the Schenectady mercury- 
vapor-steam plant which is interconnected with the 
lines of the local utility. Principles involved in 
analyzing the services and economic results of such 
interconnections do not differ from those which 
apply to interconnections between power companies. 
However, in arriving at contractual arrangements 
with such industrial plants, the commercial policies 
of the power companies cannot be overlooked. 
There must be coordination between these arrange- 
ments and the rate schedules of the companies. 
The universality of rate schedules interferes with a 
full general application of inter-utility interconnec- 
tion principles to dealings with customers. While 
many special arrangements have been entered into 
with industrials, they have been principally with the 
larger plants. It is felt that interconnection with 
the many smaller industrial plants must be ap- 
proached more from the standpoint of introducing 
interconnection principles into rate schedule modi- 
fications and applying them generally, rather than 
by a multiplicity of special arrangements with the 
individual consumers. 


IV—Steam Plant Practice in the United States 


General trends in steam power plant design during 
the last 2 years have been toward plant simplifica- 
tion, rehabilitation, and increased economy of 
operation, rather than to further elaboration in new 
or existing stations. Operating steam temperatures 
have continued to increase and several stations 
now use steam at 800 to 850 deg F. As now ac- 
cepted, the upper limit of steam temperatures is 
850 deg F, but experiments with steam at higher 
temperatures are being carried forward as, for 
example, at the Delray Station of the Detroit 
(Mich.) Edison Company. 

There has been no tendency during the past 2 
years toward the use of steam at higher pressures, 
but during this period several 1,200- to 1,400-Ib 
plants have been in successful operation. Only 
minor improvements in the design and construction 
of equipment to operate at those pressures have been 
necessary. While the foregoing is the generally 
accepted maximum pressure range for power plant 
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practice today, investigation of steam generation 
at higher pressures has proceeded actively. Ex- 
perimental series drumless boilers for steam pressures 
up to 3,500 and 5,000 lb per sq in., respectively, are 
in their second year of operation at Purdue Uni- 
versity and at the plant of a boiler manufacturer. 
Studies have been made of heat transfer, of the flow 
‘of water-steam mixtures, and of the heat content 
of steam at high pressures. Several manufacturers 
have constructed steam generators for pressures as 
high as 2,500 Ib per sq in. and for temperatures up 
to 1,000 deg F, for producing relatively small quan- 
tities of steam to be used in testing instruments and 
fittings. Experience being gained in the construc- 
tion and operation of this high pressure equipment 
may prepare the way for the next increase in com- 
' mercial pressures. 

The fact that plants have been and are being oper- 
ated successfully at the higher pressures men- 
tioned warrants the further consideration of such 
pressures for new plants and the rehabilitation of 
old plants from the standpoint of first cost, economy 

of operation, reliability, and lack of operating dif- 
ficulties. Since it has been proved that equipment 
can be successfully constructed for temperatures of 
850 deg F, a relatively high economy can be secured 
by the use of 650-lb pressure without reheat. This 
is due in part to the increased operating tempera- 
tures that are possible. The adoption of the mer- 


_cury cycle in an existing plant is essentially similar 


to the superposition of a high pressure (1,300 Ib) 
turbine upon a lower pressure turbine system. 

The trend toward plant simplification is charac- 
terized by the unit assembly arrangement in which 
a turbine is served by a single boiler. With the 
availability factor of modern boiler units rapidly ap- 
proaching that of turbine units, there is a definite 
trend toward the use of boilers of high capacity with 
accompanying reduction in boiler plant investment. 
It is now common practice to install only 2 boilers 
per turbine in large plants, the Charles R. Huntley 
Station No. 2 of the Buffalo General Electric Com- 
pany being an example. Consideration also is being 
given to the one-boiler-per-turbine layout; such an 
arrangement is used in the Port Washington Station 
of The Milwaukee Electric Railway and Light 
Company. There are no size limitations to this 
arrangement, as it is now possible to build a boiler 
unit with a capacity equal to the demands of any 
turbine unit. 


BOILERS 


Boilers are now in successful service generating 
over. 1 million lb of steam per hour per unit and it is 
possible, even feasible, to build units of 2 million 
lb of steam per hour each. The steam capacity of 
boilers per foot width of furnace has risen steadily 
until now units are under construction with ca- 
pacities as high as 17,500 lb per hour per foot, and 
units of much greater capacities have been designed 
and proposed. 

The single-pass sectional-header boiler, without 
economizer, air heater or induced draft fan, has 
made some progress in this country for low load fac- 
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tor plants, such as steam heating and reserve for 
hydroelectric plants, and for plants having good load 
factors where low cost fuels are used. Single-pass 
coverging-header boilers are used with economizers 
and air heaters for stations that are to operate at a 
relatively high load factor where it is desired to keep 
the draft loss for the unit down to a minimum with 
maximum heat transfer. 

Welded drums now are permitted by the A.S.M.E. 
Boiler Code, making possible great progress in the 
adoption of this construction which is an important 
step forward in boiler design. The individual states 
are rapidly accepting this construction. Explora- 
tion of welded seams by means of X rays and gamma 
rays has kept pace with other advances in the weld- 
ing art. Welded seams in plates up to 4°/,-in. thick- 
ness now can be explored by X rays, and up to 6 in. 
by gamma rays. 

Accurate steam temperature control for all con- 
ditions of load and operation is now desirable in 
many cases, the cost of metals and constructions 
necessitated by prevailing high temperatures mak- 
ing it desirable to operate at the upper design limits at 
all times. A method of such control is by means of a 
desuperheater located preferably in the intermediate 
position between the upper and lower sections of the 
superheater. The use of intermediate desuper- 
heaters has a further advantage in that the quantity 
of alloy superheater tubes usually necessary when 
higher temperatures are encountered is held to a 
minimum by reducing the temperature of the steam 
before, and not after, it reaches the superheater out- 
let. Another method of temperature control is the 
combination of a convection superheater located in 
the boiler passes with a radiant superheater placed 
on the walls of a furnace designed for a moderate 
heat-release rate per unit of furnace volume. Tem- 
perature control by a swinging baffle in the path of 
the furnace gases, causing these gases to sweep more 
or less superheater surface, also has found applica- 
tion. 

It has been found increasingly important in many 
central station plants to reduce materially the 
quantity of moisture carried over by the steam, and 
to reduce the amount of solids passing through to 
the turbine in order to prevent trouble from the de- 
posit of solids on the turbine blading. One of the 
means by which this is being accomplished is the 
use of a new steam scrubber installed in the boiler 
drum, which washes the outgoing steam with the 
incoming boiler feedwater. Thus the solids, which 
ordinarily would be carried over by the moisture 
in the steam, are washed out and any moisture 
remaining in the steam is cleaner and freer of 
solids. 


FrirRinc METHODS 


Methods of firing fuel have undergone no major 
developments during the past 2 years, although in 
many cases conversion has been made from pul- 
verized coal firing, and in instances from stoker 
firing, to gas or oil firing. The completion of pipe 
lines from Texas and Oklahoma to Chicago has in- 
fluenced the use of natural gas throughout the Mis- 
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sissippi Valley, in combination oil, coal, or gas 
burners. 

Improvements in large stokers have been apparent 
in recent years. Developments in stoker fired 
equipment include the trend toward larger units and 
the increased use of zoned air-control. The latter 
method of operation results in higher combustion 
rates and steaming capacities of boilers. Tests on an 
experimental stoker installation under Philadelphia 
(Pa.) Electric Company’s No. 8 boiler at Chester 
Station have indicated that a dry coal burning rate 
of about 72 lb per sq ft of projected grate area could 
be maintained for about 4 or 5hr. This represented 
a fuel burning rate of 
78 lb per sq ft, resulting 
from the return to the 
stoker of about 6 lb per 
sq ft of cinder collected 
at the back of the boiler. 
The tests indicated that 
continuous dry coal 
burning rates should be 
limited to about 60 lb 
per sq ft of projected 
grate area. Delray No. 
3 of the Detroit (Mich.) 
Edison Company, also 
by use of zoned _air- 
control has _ increased 
boiler efficiencies by 3 
per cent on the average. 
Air zoning is accom- 
plished by installing a 
number of individual 
wind boxes with adjust- 
able damper-controlled 
entrance orifices under 
eactieretort,, Air is “in 
effect measured to each 
wind box, and the me- 
tering may be made the 
basis of automatic con- 


trol. 
Underfeed stokers are Piss 
; z A. Separating air inlet 
TLOW available which B. Pulverized coal outlet 
with single-ended firing C. Coal inlet 


are capable of handling 
up to 18 million Btu per 
hour in high grade coal 
per foot width of furnace, and pulverized coal burners 
and furnaces now are being installed for single-ended 
firing as high as 25 million Btu per hour input per 
foot width of furnace. 

The slag-tap furnace has proved to be important in 
permitting the most economic design of boiler unit, 
because of the high permissible rate of heat input 
per foot width of furnace and the lower setting height 
required. The slag-tap furnace is adapted especially 
to the use of low grade coals. There are now in 
excess of 60 slag-tap furnaces in operation in this 
country. Difficulties initially encountered with this 
type of furnace have been overcome by the use of 
water cooled furnace floors. 

Difficulties with slag-tap furnace installations 
caused by the excessive slagging of boiler tubes with 
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Section of Babcock & Wilcox type B pulverizer 
installed at the Kips Bay station of the New York 
(N. Y.) Steam Corporation 
This mill pulverizes 50 tons per hour of 70 grindability coal 


from the Pittsburgh Seam to a fineness of 70 per cent through 
a 200 mesh screen and 98 per cent through a 40 mesh screen 


D. Pressure regulating springs 
Vertical synchronous motor 


molten ash have resulted recently in the development 
of dust screen tubes to which studs are welded and 
covered with refractory material, for the purpose of 
presenting a surface to which ash dust would adhere 
and fuse to the point where it would drop off and 
thus maintain a stable surface. This construction 
is being applied also to furnace walls. 

The universal, completely metal-cooled furnace ir 
which solid, liquid, and gaseous fuels can be burned 
separately, or in combination, is being approached 
in several large central stations and allowed for in 
others. This design is made possible by the de- 
velopment of combination fuel burners for firing 
through water-cooled 
furnace walls; similar 
burners have been used 
also for vertical firing. 

Progress has been 
made in both the direct 
fired and the storage 
system of pulverized 
fuel firing, each method 
having economic appli- 
cations which can be 
determined best by a 
careful analysis of the 
conditions under which 
the plant is to operate. 

The construction of a 
pulverizer with a ca- 
pacity of over 50 tons 
of coal per hour installed 
in the Kips Bay Station 
of the New York (N. Y.) 
Steam Corporation was 
an outstanding develop- 
ment of the period. A 
unique driving mecha- 
nism is adapted to the 
50-ton mill. No gearing 
is used, and the mill 
shaft is connected di- 
rectly to the rotor of a 
500-hp vertical syn- 
chronous motor at 72 
rpm. The mill base 
rests directly on the 
stator frame. To over- 
come the difficulty of 
mill starting, especially when partly filled with coal, 
unusually high starting and pull-in torques were 
specified; overvoltage starting is used to obtain 
these. 


E, Stationary rings 
F. Rotating ring 
G. Stationary ring 
H. Driving yoke 


TURBINE-GENERATORS 


The trend toward large capacity single-shaft tur- 
bine-generators noted in the last report apparently 
has continued in this country, although the number 
of machines purchased lately has been few. The 
2-cylinder tandem-compound unit appears to be the 
preferred type at present for large capacities; a 
150,000-kw 3-cylinder tandem-compound unit for 
1,200-lb pressure and 825-deg F initial and resuper- 
heat steam temperature was delivered in 1932. 
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Five vertical cross-compound units are in operation 
in this country at 1,200-lb initial pressure. 

Turbine operating experience during the past 2 
years apparently has shown an increased degree of 
reliability which can be attributed definitely to im- 
-provement in the design of turbine details, and not to 
the lessened use of turbine-generators. There is 
concrete evidence that breakage of turbine blading 
because of vibration is being diminished. Other 
difficulties, however, are arising in consequence of: 
the use of higher steam pressures and temperatures; 
greater capacities requiring higher blade speeds; 
the desire to keep turbine and building investment 
to a minimum by using single-cylinder units of large 
output; and in some cases, the necessity of operating 
units at reduced load. Troubles caused by these 
-and other factors are: the erosion of turbine blading 
by moisture in the steam; deposits on turbine blad- 
ing; difficulty in starting units after shutdown of a 
few hours; and oil fires. 

While boiler water conditioning or control is 
usually desirable for all pressures, frequent turbine 
outages and reduction in turbine capacity because 

of blade deposits following the use of high steam 
pressure resulted in more emphasis on this phase of 
plant operation. The purpose is mainly for the re- 
duction or elimination of scale-forming and corrosive 
substances from the water, and the maintenance of 
the proper sulphate to carbonate ratio to inhibit 
embrittlement of the boiler metal; although related 
is the prevention of foaming, priming, and carry-over, 
which results in deposits in superheater tubes and 
on turbine blading. 


Tip speeds of turbine blading have been increased . 


in recent instances to over 1,200 ft per second. Ero- 
“sion of the blading by moisture in the steam in- 
creases with the speed of the blades, and now is 
recognized as a problem requiring solution. A 
comparatively large amount of moisture in the steam 
in the low pressure end of turbines seems to result 
from economic turbine design. Designs have been 
made for internal arrangements to drain the moisture 
from the turbine as it forms, but to date such ef- 
forts have been only partially successful. Higher 
initial steam temperatures are beneficial for the pur- 
pose, as well as reheating of the steam during ex- 
pansion through the turbine. In all cases in this 
country except 6 turbines, reheating has been carried 
out with the use of either tandem- or cross-compound 
arrangement of turbine cylinders. Turbine manu- 
facturers are making intensive studies of. the re- 
sistance of blade materials to erosion and corrosion. 
Plating and coating of blades, and the attachment 
of strips of erosion resisting materials such as stellite 
to the wearing edge of the blade, have been tried. 
Laboratory tests with steam and water jets have 
indicated promising characteristics for steels which 
were surface-hardened by nitriding. Single tur- 
bines having blades protected by about 30 different 
methods and materials now are being operated to 
compare the endurance of the blades under actual 
operating conditions. 
The use of higher steam temperatures, reduced in- 
ternal clearances of turbines, turbine cylinders of 
larger capacity, and the necessity of frequent 
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stopping and starting have resulted in difficulty in 
the starting of turbines after short idle periods. 
Uuequal temperature distribution throughout the 
turbine following shutdown has caused sufficient 
deformation of the turbine spindle and eccentricity 
of its axis to produce vibration if started in this con- 
dition. The use of a turning gear in conjunction 
with high pressure oil for floating the turbine shaft 
in its bearings has been of service in this connection; 
this practice has substantially reduced the time 
necessary to bring units to full speed, and has aided 
in maintaining close internal clearances and thus 
improving steam economy. 

Another development along the same line has been 
that of turbine supervisory instruments for remote 
indication of turbine performance. These instru- 
ments will be useful also for outdoor generating 
equipment. The instruments will indicate or re- 
cord turbine speed, shaft eccentricity, movement of 
parts as the result of temperature changes, vibration, 
and noise intensity resulting from improper con- 
tact of parts. 

Recent oil fires in turbine plants using high tem- 
perature steam have stressed the necessity for 
better safeguards against this type of damage. 
Separation of the oil systems employed for lubrica- 
tion and governing has been proposed, also the 
use of non-inflammable liquids. Redesign of the 
lubricating and governing systems also is being 
considered with the view of strengthening struc- 
tural details and of preventing the access of oil 
to regions of high temperature in the event of 
casualties. 

Welding has found increasing application in plant 
design in addition to the fabrication of boiler drums 
mentioned previously. High-pressure high-tem- 
perature steam lines are being welded and stress 
relieved in place. Many turbine parts now are 
being fabricated by the welding of plates and shapes, 
with the elimination of castings. The development 
of X ray testing for.shop processes has helped the 
introduction of welding in the field of turbine manu- 
facture. 

Condenser development has continued along the 
lines followed for several years, although the trend as 
to reduction in condenser surface per unit of turbine 
capacity has about stopped. The largest condenser 
of welded construction, 65,000 sq ft, recently was 
installed in the Kearny Plant of the Public Service 
(N. J.) Electric and Gas Company. The trend in 
favor of single-pass condensers of large size has 
continued; the largest condensers of this design were 
installed in the Hudson Avenue Plant of the Brook- 
lyn Edison Company, where turbines of 160,000-kw 
capacity exhaust into single-pass condensers of 
101,000 sq ft each. Tubes with an active length of 
30 ft are used in these condensers, which is the 
longest installed to date. Rolling of tubes in both 
tube sheets is being adopted more widely, with re- 
sultant benefit throughout the steam and feed water 
cycle. Chlorination of condenser water for in- 
hibiting sliming and algae growth in condenser 
tubes, has been developed to a practical basis, and 
maintains condenser tubes in a greater state of 
cleanliness over longer periods resulting in increased 
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turbine availability, re- 
duced manual cleaning of 
tubes, and increased turbine 
economy. 

Since the 1931 report of 
this committee there has 
been an increase in this 
country in the capacity 
rating of turbine-generators 
with a speed of 3,600 rpm. 
Single-cylinder partial-ex- 
pansion or back-pressure 
units now are in service 
having ratings up to 18,000 
kw. Tandem -compound 
units of 15,000-kw rating 
are in use; these expand to 
normal condenser pressure. 
Tandem-compound ma- 
chines of 25,000-kw capacity 
are under construction. 

Generator purchases dur- 
ing the past 2 years have 
been too few to warrant 
additional conclusions, be- 
yond those noted in the last 
report, about the use of 
higher generator voltages. 
It appears though that 
increased attention is being 
given to the subject of the 
most economic generating 
voltage; the advisability 
of holding to established 
voltages is being questioned, 
particularly where genera- 
tors are connected directly 
through transformers to the 
transmission system. The 
development of a 36-kv 
31,250-kva_ turbine-genera- 
tor for installation in the 
Langerbrugge power plant 
in Belgium records an 
increased generating volt- 
age in European practice 
over the 33-kv generators 
installed in 1929 in the 
Brimsdown Plant, Eng- 
land. Considerable study 
has been given to the prob- 
lem of protecting genera- 
tors connected directly to 
overhead lines against volt- 
age surges. The increased 
knowledge of the nature 
and magnitude of surges 
and reflections obtained by 
the use of the cathode ray 
oscillograph has made it 
possible to apply protection 
by means of suitable light- 
ning arresters and capaci- 


Ena some degree of Vertical section of the General Electric mercury-steam equipment installed at 
; the Kearny station of the Public Service (N. J.) Electric & Gas Company 
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DEVELOPMENTAL WORK 


Diphenyl compounds, which 
have been in considerable use 
as heat-transfer mediums in 
the chemical industry, were 
adopted for air preheating at 
the Bremo Bluff Station of 
the Virginia Public Service 
Company, because the extreme 
height of the units makes the 
flue gas outlet and source of 
heat for air preheating remote. 
The diphenyl compound is 
circulated between a heat ab- 
sorbing element in the path 
of the flue gases and a heat 
releasing section in the air 
ducts of the furnace and mills. 
The relatively small dimen- 
sions of this equipment com- 
pared with the usual air pre- 
heater and duct work, resulted 
in a decrease in building height 
and volume. Reduced draft- 
fan power and radiation loss 
also were reported. 

Improvement of methods 
for the removal of fly ash from 
stack gases has continued. 
After several years of develop- 
ment of an improved scrubbing 
process in the Kneeland Street 
Plant of the Edison Electric 
Illuminating Company of 
Boston, Mass., 95 per cent 
of the fly ash from the com- 
bustion of pulverized coal now 
can be removed. Experi- 
mental work is progressing 
a  . steadily and it is expected 
vee wee that the effectiveness of the 
process will be improved 
further. At the Michigan 
City Station of the Northern 
Indiana Public Service Com- 
pany an electrical precipitator 
of somewhat larger than 
normal size with correspond- 
ingly low gas velocities has 
given apparent efficiencies of 
dust removal ranging from 
92.3 to 98.4 per cent. 

A steam turbine in the 
Delray No. 3 Plant of the 
Detroit Edison Company has 
been operating with 1,000-deg 
F steam for a large portion 
of the time since the latter 
part of 1931. The installa- 
tion consists of a 10,000-kw 
turbine with the generator 
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Vertical section of the General Electric mercury-steam equipment installed at main station bus and operat- 
the Kearny station of the Public Service (N. J.) Electric & Gas Company ing under normal production 
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conditions. Steam for the unit is generated in the 
main station boilers at 400 lb and 700 deg F, is raised 
to 1,000 deg F in a separate oil fired superheater and 
arrives at the turbine throttle at 365-lb pressure. 
Turbine troubles due to such high temperature 
operation have been few and the high temperature 
equipment has good operating records; final con- 
clusions about the installation, however, depend 
upon further experience. 

The mercury-vapor-steam-electric power plant 
nearing completion at Schenectady, N. Y., repre- 
sents an attempt out of the ordinary to eliminate 
all unnecessary expense in building construction. 
Static apparatus such as evaporators, deaerator, 
mercury-steam condenser-boilers, air preheaters, etc., 
have been placed out of doors as well as the 20,000- 
kw mercury turbine and the 6,000-kw pressure-re- 
ducing steam turbine. The steam boiler and the 
mercury boiler have been sheltered in glass as well as 
office space in the basement and coal unloading fa- 
cilities; the latter have been housed to facilitate 
thawing in winter and to protect the adjacent fac- 
tory from coal dust. Such housing as has been pro- 
vided consists of factory-welded steel panels glazed 
in a manner quite as simple as the metal sheet lagging 
provided for apparatus regularly housed. 

The mercury-vapor equipment in the South 
Meadow Station at Hartford, Conn., has been in con- 
tinuous operation since changes were completed in 
1932. The furnace now burns oil instead of powdered 
coal; steam is generated in the condenser boilers at 
the design pressure of 425 lb per sq in. and is used in 
the high pressure steam section of thestation. For the 
5-month period between June | and November 1, 1932, 
when sufficient load was available to load the mercury 
turbine fully, a total of 73,330,000 kwhr was generated 
at a heat rate less than 10,000 Btu per net kwhr; the 
load factor during that period was 87 per cent. 

Since 1931 there have been mercury-vapor power 
installations of 20,000 kw each at the Schenectady 
Works of the General Electric Company and at the 
Kearny Station of the Public Service (N. J.) Electric 
and Gas Company. In each case operating condi- 
tions for the mercury turbines are as follows: 


NEICIAIGO TESS UL Gata a sctacliaysrai | Sic. eho. emi alen 125 lb per sq in. gage 
Imitalmtemipenracunrer eee i. ssh eee creo. so hs 958 deg F 
IB aiStapresstine eas eer ehclaj ss cesel ds oe < 3 in. mercury, absolute 
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Steam generated in the condenser-boilers at both 
installations amounts to 325,000 lb per hr. At 
Kearny the steam is generated at 365 lb per sq in. 
gage and 750 deg F initial temperature, which is 
sufficient to generate 33,000 kw in a steam turbine. 
At Schenectady the steam is generated at 400 lb, 
760 deg F initial temperature, is reduced in pressure 
to 200 lb by passing through a 6,000-kw reducing 
turbine and thereafter finds industrial use in the 
Schenectady Works of the General Electric Com- 
pany. 
tially with mercury walls and partially with water 
walls. At Kearny the turbine is placed above the 
boiler as at Hartford so as to provide gravity re- 
turn. At Schenectady the turbine is placed on the 
floor as in an ordinary power station, and the liquid 
mercury is pumped back to the boiler. 
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In each case the furnace is provided par- - 


OPERATING RESULTS 


Despite the lack of new equipment and the de- 
crease in power generation, the average coal con- 
sumption in the United States has fallen from 1.62 
lb per kwhr in 1930 to 1.51 in 1932. This decrease 
may be accredited to the resultant gains from experi- 
mentation in higher steam temperatures and pres- 
sures; refinements in operating procedure; greater 
reliance on generating equipment and consequent re- 
duction of number of units in service; high load fac- 
tors on those operating; and the greater relative 
use of the more economical units. The trend toward 
unit assembly also is an effect of this increased re- 
liability. The notable minimum heat rates achieved 
by the stations listed in Table I of the 1931 report 
have been maintained and lowered a per cent or 2 
in certain instances during the past 2 years; but 
on the whole the heat rate of representative power 
plants has reached the point where little improve- 
ment can be expected without some major innova- 
tion in design. Steam temperatures approaching 
1,000 deg F apparently promise a measure of thermal 
saving, although the mercury vapor cycle presents 
the greatest opportunity for heat reduction at the 
present time. 


PLANTS EXEMPLIFYING RECENT DESIGNS 


The evolution of Station A of the Pacific Gas & 
Electric Company, San Francisco, Calif., from its 
beginning in 1901 to the present rebuilt station, is 
interesting. The completed station of 260,000 kw 
will occupy no more space than the 18,000-kw equip- 
ment of 1905. During 1931, 2 50,000-kw vertical- 
compound turbine-generators began operation, and 
subsequent economies have resulted in overall station 
heat rates of less than 12,000 Btu per kwhr. The 
new boiler plant comprises 3 500,000-lb per hr cross- 
drum boilers, 2 of which have reheaters. Steam 
leaves the boilers at 1,400 lb per sq in. pressure and 
750 deg F, and 350 lb per sq in. and 750 deg F after 
reheating. The high pressure unit running at 
53,600 rpm is connected to a 12,500-kw generator; 
the low pressure unit running at 1,800 rpm is con- 
nected to a 37,500-kw generator with a 250-kw 
exciter on the same shaft. A feature of the reheating 
element is a steam reheater using saturated steam at 
1,400-lb pressure in series with a flue-gas reheater. 
This has the effect of flattening the reheat curve at 
low ratings. Boiler firing is by natural gas and 
burners can use oil as standby fuel. 

Hudson Avenue Station of the Brooklyn Edison 
Company enlarged its capacity by 320,000 kw which 
represents the major equipment installed in 1932. 
This plant now has a capacity of 770,000 kw and is 
the largest power station in the world. Eight bent- 
tube multi-drum boilers, with separate dry-steam 
drums, were installed. The output per boiler is 
530,000 Ib of steam per hour at 400 lb per sq in. 
and 750 deg F. A leading feature in the design of 
the boilers is the underfeed stokers which are 26 ft 
wide, with 15 retorts, and 26 ft 8 in. long, exceeding 
by 3 ft any stoker previously built. The stokers 
and also the clinker grinders are driven by a hy- 
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draulic variable speed transmission; low installa- 
tion cost made this type of drive advantageous over 
electrical systems. Two 160,000-kw tandem-com- 
pound units were installed. These turbines run 
at 1,800 rpm with initial steam conditions of 400 Ib 
per sqin. and 730 deg. F. The high pressure cylinder 
contains 15 stages and the low pressure, 4 double- 
flow stages. Steam extraction for feed heating oc- 
curs at 2 high pressure stages. Performance on the 
units is 1 per cent better than guaranteed; and since 
the 320,000-kw addition has been in service, the 
overall station heat rate has fallen from 15,500 
Btu per net kwhr approximately to 13,320. 

Bremo Bluff Station of the Virginia Public Service 
Company has several features indicative of recent 
trends. The steam generating equipment consists 
Of 2 inclined-tube single-pass boilers, each rated at 
200,000 Ib per hr evaporation and fired by pulverized 
coal. The diphenyl compound air-preheating sys- 
tem is used. The unit assembly idea is followed, 
each boiler serving a 15,000-kw tandem-compound 
condensing turbine designed for 450-lb pressure and 
825 deg F. Steam is bled from 4 stages to rain-type 
feed water heaters. The units operate at 3,600 
rpm. Another feature of the station is its cen- 
tralized control room midway between the boiler and 
turbine rooms. Both turbine and control panels are 
in this room and enable one operator to control a 
large number of circuits. 

Burlington Station of the Public Service (N. J.) 
Electric & Gas Company is an outstanding example 
of economies obtained by rehabilitation. An 18,000- 
3,600-rpm turbine-generator operating at 650 Ib per 
sq in. steam pressure and 850 deg F total temperature 
is superposed on 3 older units, each of 12,500-kw 
“capacity operating at 190 lb per sq in. and 150 
deg F superheat. Thus the machines now form a 
55,500-kw 4-cylinder compound unit that has re- 
duced the station heat rate by 37.5 per cent (from 
24,000 to 15,000 Btu per kwhr). The new machine 
is the largest capacity unit at this speed in existence. 


V—Oil and Gas Power 


Several progressive features are evidenced in the 
Diesel engine field, such as reduction in weight, use 
of trunk pistons of large diameter, and increased 
speed. The increased use of alloy steels is notice- 
able, also the discontinuance of air injection in favor 
of mechanical injection. The trend in small plants 
is largely to the use of the single-acting 2-cycle 
engine. 

The City of Vernon (Calif.) Power Plant will con- 
tain 5 7,000-hp double-acting 2-cycle engines and 
will form the world’s largest Diesel-electric power 
plant. Each engine has 8 cylinders 24 in. by 36 in., 
runs at 167 rpm, and will drive a 5,000-kw generator. 

The Lamoka (N. Y.) combination gas-electric 
hydroelectric and pumped-storage plant of the 
Lamoka Power Corporation is unique. The in- 
stallation consists of a 2,000-hp vertical-shaft hy- 
draulic turbine in operation, and a 7,500-hp turbine 
under construction. The turbines operate under a 
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net head of 385 ft. One vertical 1,200-hp 6-cylinder 
4-cycle gas engine drives an 800-kw a-c generator, 
and each of 3 1,800-hp engines drives a 1,250-kw 
generator. Each 1,800-hp unit consists of 2  6- 
cylinder engines with the generator and flywheel 
between. These engines are the largest of their 
kind in this country. During off-peak periods, the 
gas engine driven generators supply power to pump 
water into the hydro-plant reservoir by means of 
one 8,000-gpm and 2 16,000-gpm motor-driven 
pumps. Natural gas is brought from wells 1,750 ft 
under the land owned by the power company; 
it is probable that this is the only combination gas 
and water power plant using these 2 resources from 
the same land. 


Vi—Foreign Steam Plant Developments 


There have been no pronounced developments in 
power generation abroad since 1931, with the excep- 
tion of the building of the ‘‘grid’’ scheme of trans- 
mission in Great Britain. This ideal scheme calls 
for a few new large, efficient power plants at favorable 
locations feeding into some 3,000 miles of transmis- 
sion system, tying all plants together. All load 
dispatching will be done at a central point in London. 
The transmission voltage is either 132, 66, or 33 kv. 
Substations will tap the transmission grid to supply 
communities with power. The plan requires the 
abandonment of many small and inefficient plants. 

Present English practice seems to favor use of 
steam at 600 lb and about 850 deg F. In Europe, 
pressures range from the moderate up to the critical 
pressure of 3,200 lb, which has been employed in one 
unit at Langerbrugge, with several installations be- 
tween 1,200 and 1,800 lb. With few exceptions 
850 deg F is the limiting temperature. 

The report of the Electricity Commission of 
Great Britain last year shows several installations 
having a thermal efficiency of from 22 to 24 per cent 
obtained with moderate pressures not exceeding 650 
lb, and fairly high temperatures.. These efficiencies 
are all being obtained with English coal having a 
considerably lower Btu value than the coal generally 
used in the United States. 

There has been a decided trend toward the use of 
larger turbine units, capacities ranging up to 100,000 
kw with 50,000 kw appearing to be the popular size. 
Manufacturers are prepared to build 3,000-rpm 50- 
cycle machines in the larger sizes, and there is one 
unit of 80,000-kva capacity built for this speed. 

The use of larger boiler units increases, and many 
units are in operation with a steaming capacity of 
from 200,000 to 300,000 Ib per hour. Although fur- 
nace sizes also have been stepped up, they still aver- 
age a little smaller per unit of boiler capacity than 
those of the latest American practice. The use of 
water walls is increasing. 

Practice in fuel burning equipment shows a ten- 
dency to favor stokers over powdered fuel. The 
forced-draft chain-grate stoker is very popular in 
England probably because the quality of the fuel 
used is quite favorable to the use of the chain grate. 
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The change in trend from 
powdered coal to stokers seems 
to be explained by 2 reasons: 
the lower initial cost of the 
stoker, and the lesser difficulty 
in taking care of the kind of 
dirt in the flue gases from the 
stokers. 

Fly ash removal has been 
given much attention. An 
enormous amount of work has 
been done in developing cen- 
trifugal and wet types of elimi- 
nators and electrostatic pre- 
cipitators. German engineers 
seem to favor the latter type, 
while in England many stoker 
fired plants are getting good 
results with centrifugal and 
dry type separators. This is 
much more important abroad 
than it is in the United States 
because the average ash con- 
tent of the fuel is much greater. 

English practice favors the straight tube boiler al- 
though the bent tube Stirling boiler also is used. 
In Europe, however, the proportion of bent tube 
boilers is much larger and they are of a wide variety. 
Several interesting and radical designs of boilers 
have been developed which are in commercial opera- 
tion. The urge for this development work appar- 
ently is a desire to use much higher steam pressure 
without materially increasing the cost of the boiler 
unit. 

The use of heat accumulators such as the installa- 
tion in Charlottenburg, Germany, apparently has 
made little progress. While this installation suc- 
cessfully handles peaks of certain duration, ap- 
parently the initial cost, space required, and: low ef- 
ficiency are factors that are retarding this develop- 
ment. 

There is nothing especially new in the switch 
house. The general practice in England, largely 
because of the Board of Trade Rules, is the use of 
“jron-clad’”’ switchgear placed indoors. European 
practice is similar to American. With few excep- 
tions, no foreign switch house has to handle as large 
quantities of energy as do many American stations. 


Vil—Developments in Hydroelectric Practice 


Progress in hydroelectric practice during the past 
2 years was foretold to a large extent in the 1931 re- 
port of this committee, when the impending de- 
velopments in the use of the Kaplan turbine in this 
country were discussed. Other than this significant 
step there does not appear to be any distinctive in- 
novations of major importance in the designs of the 
hydroelectric projects placed in operation during the 
past 2 years. The probable future trend, if any, 
with regard to the type of propeller turbine that 
may be preferred for low head plants, however, is not 
yet clear. The Kaplan, or automatically adjusted- 
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Ariel dam and power house of the Inland Power & Light Company on the 


Lewis River, Wash. 
erator with revolving field installed to date; it is rated 56,200 kva, 120 rpm 


This plant is said to contain the largest overhung gen- 


blade turbine, was installed in the Safe Harbor Plant 
on the Susquehanna River in Pennsylvania; man- 
ually adjusted-blade turbines in the Rock Island 
Plant on the Columbia River in Washington; and 
fixed-blade turbines in the Chats Falls Plant on the 
Ottawa River in Canada. These plants are typical 
examples of the most recent use of propeller turbines 
for low head developments. A very interesting high 
head development was placed in service on the 
Mokelumne River in California. The Ariel Plant 
on the Lewis River, Washington, and the Wyman 
Dam development on the Kennebec River, Maine, 
were representative of medium head designs and 
displayed novel ideas in building and superstructure 
designs. 

Interest in cavitation investigations in this coun- 
try has continued largely as the result of the in- 
creasing use of the propeller turbine in low head 
plants. The first cavitation research laboratory in 
the United States was recently opened at_ the 
Massachusetts Institute of Technology, Cambridge, 
and there are now several commercial and institu- 
tional laboratories equipped for making cavitation 
tests on model runners. Testing of models of all 
important structures comprising a hydroelectric 
development is now accepted practice, and is well 
exemplified by the extensive model studies made for 
the Boulder Dam on the Colorado River. The 
European practice of using multiple current meters 
distributed over the intake area for the field testing 
of hydraulic turbines, was introduced in the United 
States at the Safe Harbor plant, where the short 
length of intake passage was believed to render the 
commonly used methods of water measurement of 
doubtful value. 

The number of pumped storage developments on 
this continent is small compared with those in 
Europe, but the possibility of regenerative pumping 
at the Safe Harbor plant by means of the dual use 
of the same unit as a turbine and a pump has been 
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investigated recently. Turbine manufacturers have 
developed runners suitable for such dual use, and 
the electrical problems incident to reverse operation 
at either a similar speed or a dual speed appear pos- 
sible of ready solution. The limited practice here- 
_tofore in this country has been to install a motor 
driven pump entirely separate from the turbine- 
generator, although both pump and turbine are 
connected to the same penstock. The arrangement 
commonly found in Europe consists of a single elec- 
trical element used either as a generator or motor, 
with a permanently connected turbine on one side 
and a clutch connected pump on the other. 
Discussion of the economics of hydroelectric 
projects during the past 2 years has been focused on: 
the determination of the cost characteristics of dif- 
ferent types of developments; the relative economy 
of water power as compared with steam power; 
the influence that the incremental cost of hydroelec- 
tric capacity has upon the size of development; 
and the peak substitutional value of water power as 
compared with steam power on the available load 
curve. The latter 2 factors are of particular im- 
portance in the consideration of pumped storage 
and regenerative installations. 
Development of the Mokelumne River in Cali- 
fornia having a drainage area of 365 square miles, 
over a gross static head of 5,100 ft by means of 4 
plants in series on the flow line without appreciable 
intervening storage, may be the last high head de- 
velopment for some time on the Pacific Coast. 
The maximum flow used, 650 cfs, is 80 per cent of 
the average yearly stream flow, which is regulated 
almost completely by storage reservoirs having a 
volumetric capacity equal to 1/; of the volume of 
run-off. There are 3 impulse installations operating 
at gross heads of 2,089, 1,265, and 1,219 ft; and 2 
Francis wheel installations for heads of 285 and 245 
ft. One of the 5 main dams is the largest rock-fill 


Tiger Creek plant of the Pacific Gas & Electric Company on the Mokelumne 
River, Calif. This plant contains 2 double overhung impulse units operating 
on a head of 1,190 ft and driving 2 generators each rated 30,000 kva 
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dam in the world, having a height of 328 ft and a 
crest length of 1,300 ft. The peak capacity of the 
plant is 144,000 kw and will be used about 80 per 
cent of the time. 

The Rock Island plant on the Columbia River is 
the first major low-head run-of-river development 
on the Pacific Coast and also the first step in the 
development of the hydroelectric possibilities of the 
Columbia River. The drainage area above the 
plant is 90,000 square miles; maximum and mini- 
mum recorded flows have been 740,000 and 21,000 
cfs, respectively, and the mean flow is 121,000 cfs. 
The head for the initial installation of 4 21,000-hp 
units is 32 ft; it will be increased to 48 ft with the 
addition of more units, of which there ultimately 
will be 12. Initial full draft water requirements 
are about 75 per cent of the minimum steady flow, 
and about 135 per cent of the lowest recorded flow. 
Because of the low- and varying-head conditions, 
manually-adjusted-blade propeller wheels were in- 
stalled; these have a diameter of 223 in. and are the 
largest propeller wheels on this continent. The 
plant operates at a capacity use factor of about 90 
per cent, which, in comparison with the run-of- 
river plants in the eastern section of the United 
States, represents a relatively small capacity in- 
stallation with respect to the minimum flow ca- 
pacity. 

The Chats Falls plant on the Ottawa River, 
Canada, is a low head development 53 ft, showing 
a somewhat greater ratio of installed capacity to 
regulated flow capacity. The drainage area above 
the plant is 34,000 square miles, but because of the 
presence of numerous lakes the minimum dependable 
flow is now 22,000 cfs. The8 28,000-hp fixed-blade 
propeller units require a full draft equal to 2 times 
the minimum flow. This plant serves a large sys- 
tem that derives its entire supply of electric power 
from hydroelectric sources. 

The Safe Harbor plant on 
the Susquehanna River is not- 
able for having the highest 
powered propeller turbines in 
the world, the units being 
rated at 42,500 hp under a 
head of 55 ft. The full draft 
requirement of the plant ini- 
tially is about 12 times the 
minimum regulated flow; the 
yearly use factor will approxi- 
mate 50 per cent. The initial 
installation consists of 6 units, 
with head-works structures 
for 6 additional units. The 
hydraulic and electrical design 
anticipates the dual use of the 
units for generation and re- 
generative pumping; the plant 
will be the first low head de- 
velopment planned for such 
operation, which is readily 
accomplished because the Safe 
Harbor plant discharges di- 
rectly into the pond formed 
by the Holtwood dam 8 miles 


501 


farther down the river. The electrical layout in 
the plant provides for: 3-phase 60-cycle, and single- 
phase 25-cycle generation; 60-cycle low voltage 
buses; and control of transformers placed above 
the bus galleries for stepping up to 69 and 230 kv 
for transmission. The 25-cycle generators will be 
the largest single phase waterwheel units in the 
country, having a rating of 37,500 kva at 80 per 
cent power factor. High voltage switch yards for 
the control of outgoing 60- and 25-cycle transmission 
lines will be placed on shore adjacent to the power 
house. Outdoor frequency changers rated at 25,000 
kw, 80 per cent power factor, will be installed below 
the bulkhead connecting the power house with the 
shore. 

The Ariel and Wyman Dam plants exhibit an in- 
teresting treatment of superstructure design, which 
in both plants consists of a low roof with removable 
hatches over the generators. Outdoor 2-leg gantry 
cranes serve the generator areas; that at the Ariel 
plant is the largest outdoor power house crane yet 
built, having a span of 67 ft, a lift of 80 ft above crane 
rails, and a capacity of 350 tons. The Ariel plant is 
notable also for having the largest overhung genera- 
tor with revolving field installed to date; it is rated 
56,250 kva at 80 per cent power factor, 120 rpm. 
Other novel features of the Ariel plant are the loca- 
tion of a part of the power house upon a concrete 
arch spanning a deep gut in the foundation rock, and 
the location of the control room in an adjacent but 
separate building. The drainage area above the 
Ariel plant is 733 square miles. One 55,000-hp 
170-ft-head unit has been installed initially; the 
complete plant will contain 4 units with the expecta- 
tion of using seasonal storage for low use-factor opera- 
tion. The Wyman Dam plant has an initial in- 
stallation of two 34,000-hp 135-ft-head units, with 
provision for a third unit in the future. The use 
factor of this plant will be of the order of 45 per cent. 

Records for maximum size and extreme conditions 
of installation of propeller turbines continue to re- 
main with European plants. Among the more 
notable are the following Kaplan installations: 


Head, Runner Discharge, Speed, 
Plant Horsepower Ft Diam, In. Cfs Rpm 
Vargon, Sweden..... L5L000. 2 2552 4S Wana. OLOniaieteteb ls O90 me cetence 46.9 
SWE LLCUSSHA.. case OT FOO. shana SO sk fates sie 292 LO 24 ON eas 75 
Shannon, Ireland... .33,000....... 106* ~- LOL Si040 neces 167 


* Head initially is 82.25 ft. 
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in more detail of the major lines along which electric 
power generation has advanced during the past 2 
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PaPER No. 33-68 (scheduled for publication in A.I.E,E. Trawns., v. 52, 1933), 


Pwr. 


31. Derroir Epison Has CompLetep Its HiGH-TEMPERATURE INSTALLATION, 
R. M. Van Duzer. Power, v. 74, Oct. 27, 1931, p. 591-5. 


32. DEVELOPMENT OF PULVERIZED-COAL FIRING AND STUDY OF ComMBUSTION, 
Henry Kreisinger. Trans. A.S.M.E., FSP v. 54, May 30, 1932, p. 79. 


33. DEVELOPMENTS IN HIGH PRESSURE STEAM PRESSURES AND TEMPERATURES, 
D.S. Jacobus. Journal West. Soc. Engrs., Aug. 1931. 


34. ELECTRICAL DESIGN FEATURES OF WAUKEGAN STATION, E. C. Williams. 
Trans. A.I.E.E., v. 51, Sept. 1932, p. 644. 


35. ELECTRICALLY DRIVEN AUXILIARIES FOR STEAM POWER SratTions, L. W. 
Smith. Trans. A.I.E.E., v. 51, June 1932, p. 337. 


36. EXPERIENCE AT STATION ‘“‘A’’ WiTH 1,250-Ls Steam, R. C. Powell. 
World, v. 98, Sept. 26, 1931, p. 544-7. i 


37. GLENWOOD STATION, MORE POWER FOR LONG ISLAND. 
v. 35, Oct. 15, 1931, p. 1006-15. 


Elec. 


Pwr. Plant Engg., 


*Fuels and steam power division. 


ELECTRICAL ENGINEERING 


5 


38. Harpinc STREET STATION aT INDIANAPOLIS. 
Feb. 15, 1932, p. 152-3. 


Pwr. Plant Engg., v. 36, 


39. HiGHER STEAM PRESSURES AND TEMPERATURES—A CHALLENGE TO 
ENGINEERS, M. D. Engle and I. E. Moultrop. Elec. Engg., v. 52, Jan. 1933, 
ips, 3. 


40. HIGH-PRESSURE BOILER AND TURBINE OPERATION AT NORTHEAST STA- 
_ TION, J. A. Keeth. Trans. A.S.M.E., FSP v. 54, Aug. 30, 1932, p. 161. 


41. Hupson AVENUE STaTION, BRooKtyn; 45,000 Kw SERVED By BOILERS 
IN SPACE ORIGINALLY SERVING 12,000 Kw. Power, May 31, 1932. 


42. IMPROVEMENTS AT THE BURLINGTON GENERATING STATION, W. L. Cisler 
and W. P. Gavit. A.I.E.E. Paper No. 33-76 (scheduled for publication in 
A.I.E.E. TRANS., v. 52, 1933). 


43. IMPROVEMENTS IN MissourRI-KANnSAS COALS AND THEIR BURNING EQurIp- 
MENT, E. L. McDonald. Trans. A.S.M.E., FSP v. 54, May 30, 1932, p. 91. 


44. WLAKESIDE A DECADE OF PROGRESS. 
1931, p. 830-7. 


Pwr. Plant Engg., v. 35, Aug. 15, 


45. LincoLtn’s NEW GENERATING STATION BLEEDS STEAM FOR District HEAT- 
ING AND Process. Power, v.75, Dec. 29, 1931, p. 885-90, 


46. OncE-THROUGH SERIES BOILER FOR 1,500 To 5,000 Ls Pressure, H. J. 
4 Kerr. Trans. A.S.M.E., FSP v. 54, Nov. 15, 1932, p. RP-54-1a. 


47. OPERATING ENGINEERING PROBLEMS, A. E. Silver. N.E.L.A. Bulletin, 


Aug. 1932. 


48. OPERATING EXPERIENCE, DEEPWATER STATION, K. M. Irwin. 
A.S.M.E., FSP v. 53, Oct. 1, 1933, p. 285. 


49, OPERATING EXPERIENCE WITH 1,800-LB Stream at PLANT Carey, H. P. 
Stephenson. Power, v. 77, April 1933, p. 169. 


50. OPERATION OF THE HOLLAND SrarTIon, E. M. Gilbert. 
FSP v. 53, Oct. 1, 1933, p. 275. 


Trans. 


Trans. A.S.M.E., 


51. PERFORMANCE OF MODERN STEAM-GENERATING Units, C. F. Hirshfeld 
and G. U. Moran. Trans. A.S.M.E., FSP v. 54, Nov. 15, 1932, p. 205. 


52. PROGRAM LOAD ConTROL IMPROVES STEAM Economy, A. P. Hayward and 


R. Decamp. Power, Nov. 1932. 
53. PrPOGRESS IN Fugets. Trans. A.S.M.E., FSP v. 55, March 15, 1933, p. 1 


54, PROGRESS IN STEAM-POWER ENGINEERING. 
March 15, 1933, p. 7. 


55. Pusiic Service Company’s 1,400-Le PLrant at SAN ANTONIO, TEXAS. 
Pwr. Plant Engg., v. 35, June 15, 1931, p. 664-6. 


Trans. A.S.M.E., FSP v. 55, 


56. PULVERIZATION AND BOILER PERFORMANCE, E. H. Tenney. Trans. 
A.S.M.E., FSP v. 54, Jan. 15, 1932, p. 55. 

57. RADIANT-SUPERHEATER DEVELOPMENTS, M. K._ Drewry. Trans. 
A.S.M.E., FSP v. 54, no. 21, Nov. 15, 1932, p. 181. 

58. SincLE Pass BorteR AND Its Economic Fige_p, Otto DeLorenzi. Pwr. 
Plant Engg., Aug. 15, 1931. 

59. SrincLE Pass Borer aT DututH, Minn., A. H. Krauss. Combustion, 


March 1932. 


60. S tac Tap FurnNAcES, A. L. Baker. 
19325 p.-1. 


61. SovurH AmMBoy PLANT OF THE JERSEY CENTRAL POWER AND LiGHT Com- 
pany, R. C. Roe and F. P. Mailler. Trans. A.S.M.E., FSP v. 53, Oct. 1, 1933, 
p. 335. 


62. SratTe LINE StaTION—CHICAGO. 
18, and April 1932. 


63. STEAM-DRIVEN AUXILIARIES FOR POWER PLANTS, W. Poole Dryer. 
A.I.E.E., v. 51, June 1932, p. 331. 


64, SreamM PowreR PuLantT Practice, A. G. Christie. 
Sept. 1932, p. 635-40. 


65. STEAM-TURBINE-PLANT PRACTICE IN THE UNITED States, Vern E. Alden 
and W. H. Balcke. Trans. A.S.M.E., FSP v. 55, March 15, 1933, p. 9. 


66. SreaM TuRBINES. N.E.L.A. Proc., v. 89, July 1932, p. 996-1033. 


67. 375,000 Kva From One GENERATING Unit, C. M. Laffoon. 
v. 29, April 1932, p. 165-7. 


68. TREND IN BoILeER DEVELOPMENT TowarD Srmp.icity, R. C. Roe. 
Plant Engg., Dec. 15, 1931. 


Trans. A.S.M.E., FSP v. 54, Jan. 15, 


Engg., Feb. 12, 1932, March 4, March 
TRANS. 


Mech. Engg., v. 54, 


Elec. Journal, 
Pwr 


69. TRENDS IN THE DESIGN AND OPERATION OF LARGE UNDERFEED STOKERS. 
Power, March 22, 1932. 


70. Two anp A HatF YEARS EXPERIENCE WITH 1,350 LB STEAM PLaAnrT, J. A. 
Powell and G. T. Dempsey. Elec. World, Nov. 26, 1932. 


71. Two TanvEeM Units App 320,000 Kw ro Hupson AVENUE STATION OF 
BROOKLYN Epison Company. Power, v. 75, May 31, 1932, p. 815-19. 
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72. BENSON AND Atmos Borers. Engg., Sept. 11, 1931. 


73. BRITISH PRACTICE IN BOILER DesIGn, J. Bruce. Engg. and Boiler House 


Rev., April 1931. 


74, British PRACTICE IN STEAM-TURBINE Desicn, F. W. Gardner. 
A.S.M.E., FSP v. 55, March 15, 1933, p. 37. 


Trans. 


Jury 1933 


75. DEVELOPMENT IN STEAM-PLANT PRACTICE, F. Nicholls. Journal, In- 


stitution of Elec. Engrs., v. 70, Dec. 1931, p. 69-72. 
N.E.L.A. Proc., v. 89, 1932, p. 970. 
Pwr. Plant 


76. FOREIGN DEVELOPMENTS. 


77. HicH PRESSURE BOILER DESIGN IN EuROPE, C. J. Webb. 
Engg., April 1, 1932. 


78. Mopprn SuPER-PRESSURE STEAM OPERATION IN GERMANY, D. Brownlie. 
Steam Engg., Jan. 1932. 


79. Sr. Dennis Heratps New ERA IN FRENCH STEAM-PLANT PRACTICE, 
R.H. Andrews. Power, v. 74, Dec. 29, 1931, p. 921-4. 


HYDROELECTRIC DEVELOPMENTS—AMERICAN 


80. Arrer Hypro DEveLopment, A. C. Clogher and W. S. Merrill. Elec. 


World, March 5, 1932, p. 442. 


81. BEAUHARNOIS DEVELOPMENT OF THE ST. LAWRENCE RIVER (CANADA), 
W.S. Lee. Evec. ENGG., v. 52, June 1933, p. 377-84. 


82. EacLr-Pass HyproeLecrric DEvELopMEeNT, L. F. Harza and J. S. 
Bowman. Pwr. Plant Engg., v. 36, Aug. 1, 1932, p. 582-6. 


83. Economic ASPECTS OF WATER Power, F. A. Allner. 
v. 52, March 1933, p. 156. 


84. Gas PowEeR SUPPLEMENTS HypRO IN PUMPED-STORAGE PLANT. 
v. 76, Aug. 1932, p. 76-78. 


85. Harpy Dam Provipes 40,000 Hp ror MicuiGAN Peak Loan, E. M. Burd. 
Pwr. Plant Engg., v. 36, March 1, 1932, p. 194-8. 


Trans. A.I.E.E., 


Power, 


86. HypRAULICc-TURBINE GOVERNORS AND FrREQUENCY.ConTROL. N.E.L.A. 


Proc., v. 88, 1932, p. 543-72. 


87. HypROELECTRIC DEVELOPMENTS AND THE CORRELATION OF HYDRO AND 
Sream Power, F. A. Allner. Mech. Engg., v. 54, Oct. 1932, p. 595-9. 


88. HypRorLEcTRIc DEVELOPMENTS IN Canapa, T. H. Hogg. Mech. Engg., 


v. 54, Oct. 1932, p. 547-52. 


89. ImpeuLsE WHEELS DeveLop 86 Per Cent EFFICIENCY AT TIGER CREEK 
PuantT, C. V. Foulds. Power, v. 75, March 29, 1932, p. 461-5. 


90. Low-Hreap HyproeLectrric DEVELOPMENTS, A. 
A.I.E.E., v. 52, March 1933, p. 202. 


V. Karpov. TRANS. 


91. Maxkinc WaTER MEASUREMENTS WITH CURRENT METERS, S. J. Bitterli. 
Power, v. 75, Jan. 19, 1932, p. 102—04. 


92. MoKELUMNE RIVER DEVELOPMENT OF THE Paciric GAS AND ELECTRIC 
Company, EB. A. Crellin. Trans. A.I.E.E., v. 51, March 1932, p. 28. 


93. Osace HypRoBLecTRi¢c DEVELOPMENT, C. C. Dodge. Elec. Journal, 


v. 29, Feb. 1932, p. 57-60. 


94. PowrR DEVELOPMENT aT CuHatTs FALits. Canadian Engr., v. 61, Oct. 20, 


1938; pun OL: 
95. Power STORAGE BY Pumpinc. Pwr. Plant Engg., April 1, 1932. 


96. Pumpep SroraGE HYDROELECTRIC PLANTS FOR REGENERATION, L. F. 
Harza. Pwr. Plant Engg., v. 35, June 1, 1931, p. 597-601. 


97. SareE HarBoR KAPLAN TURBINES, L. M. Davis and G. W. Spaulding. 
Trans. A.I.E.E., v. 52, March 1933, p. 220. 


98. Sare Harsor Project, N. B. Higgins. 
1933, p. 169. 


Trans. A.I.E.E., v. 52, March 


99. SEGREGATION OF HypDROELECTRIC PoweR Costs, W. S. McCrea, Jr. 
Trans. A.I.E.E., v. 52, March 1933, p. 1. 

100. Tacoma ComPpLETES SECOND CUSHMAN PLANT, Civil 
Engg., v. 1, Sept. 1931, p. 1106-10. 


101. Wuuite-Rapips AuromMaTic HypRoELEcTrRic Sration, H. W. Gochnauer. 
G. E. Rev., v. 34, Sept. 1931, p. 507-11. 


102. Wyman-DamM DEVELOPMENT, CENTRAL MAINE PowEeR Company, H. K. 
Fairbanks. Pwr. Plant Engg., v. 36, July 1, 1932, p. 518-22. 


V. Gongwer. 


HYDROELECTRIC DEVELOPMENTS—FOREIGN 


103. BRINGHAUSEN, PUMPED-STORAGE Hypro PLant Has HicHest HEAD. 
Power, v. 73, May 19, 1931, p. 782. 


104. DocERN ON THE RHINE, A. J. Luchinger. 
Nov. 1932, p. 774-6. 


105. H®eRDECKE, THE LARGEST PUMPED-STORAGE HYDROELECTRIC PLANT, 
W. Netoliczka. Power, v. 75, Feb. 2, 1932, p. 160-3. 


106. HyprauLic PRACTICE IN EurRopg, W. R. Angus. 
tHYD v. 54, Nov. 30, 1932, p. 123. 


107. MoperniziING TROLLHATTAN, SWEDEN’S LARGEST HypRO PLANT, 
G. Willock. Power, v. 75, June 21, 1932, p. 518-20. 


Pwr. Plant Engg., v. 36, 


Trans. A.S.M.E., 


108. RESEARCH INSTITUTE FOR HyDRAULIC ENGINEERING AND WATER POWER, 
Hunter Rouse. Trans. A.S.M.E., HYD v. 54, May 15, 1932, p. 27. 


109. RysBuRG-SCHWOPSTADT HYDROELECTRIC POWER STATION. Engg., v. 134, 
Aug. 5, 1932, p. 152-3. 


110. WaccorraL PumMpEep-STORAGE HYDROELECTRIC SCHEME. 
Sept. 4, 1931, p. 292-4. 


Engg., v. 132, 


+Hydraulic division. 


News 


Of Lastitute ural Related Activities 


Summer Convention 
Starts Successfully 


The 49th annual summer convention of 
the A.I.E.E. held in Chicago, Ill., during 
Engineers’ Week, June 26-30, 1933, was 
under way as this issue went to press, and 
will be reported in detail in the August issue 
of ELECTRICAL ENGINEERING. 

In the present issue, however, there are 
included elsewhere reports of some of the 
features of the opening day, including the 
annual meeting with announcement of the 
election of officers, award of Institute 
prizes, presentation of Lamme Medal, an- 
nouncement of the election of 6 Honorary 
Members, and the annual presidential ad- 
dress delivered by President Charlesworth. 

The first day’s registration was 427, com- 
pared with a registration of 422 on the first 
day of the 1932 summer convention held at 
Cleveland, Ohio, and of 382 for the 1931 
summer convention held at Asheville, N. C. 

A change in the technical program which 
was made after the announcement was 
printed was the withdrawing of the address 
“Recent Developments in Sound Measure- 
ments,’”’ by H. B. Marvin, General Electric 
Company, from the instruments and meas- 
urements session on June 27, 1933. In 
place of this address the following paper was 
presented: 

REPORT ON THE STATUS OF THE WORK ON NOISE 
MEASUREMENT OF THE A.S.A. SECTIONAL Com- 
MITTEE ON ACOUSTICAL MEASUREMENTS AND TER- 


MINOLOGY, Dr. Harvey Fletcher, chairman, sub- 
committee on noise measurement. 


Lamme Gold Medal 
for 1932 Presented 


THE Lamme Gold Medal was formally 
presented to Epwarp WeEsTon (A’84, 
M’84, HM’33, Member for Life, and past- 
president) chairman of the board, Weston 
Electrical Instrument Corporation, New- 
ark, N. J., on June 26, 1933 at the annual 
business meeting of the A.I.E.E. held dur- 
ing the summer convention at Chicago, III. 
This medal was established by provision of 
the will of Benjamin Garver Lamme (de- 
ceased July 8, 1924) for the encouragement 
and recognition of ‘‘meritorious achieve- 
ment in the development of electrical ap- 
paratus or machinery.” 

Previous A.I.E.E. awards of the Lamme 
Medal have been made to A. B. Fietp 
(A’03, F’18) consulting engineer, Manches- 
ter, England, 1928; R. E. Heti~mMunp 
(A’05, F’18) chief engineer, Westinghouse 
Electric and Manufacturing Company, 
East Pittsburgh, Pa., 1929; W. J. FosreR 
(A’07, F’16) consulting engineer, retired, 
General Electric Company, Schenectady, 
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N. Y., 1930; and GrusepPE FACCIOLI 
(A’04, F’12) retired, associate manager of 
the Pittsfield (Mass.) Works of the General 
Electric Company, 19381. 

By Mr. Lamme’s will, 2 other similar 
bequests were made, one to Ohio State 
University, and one to the Society for the 
Promotion of Engineering Education. The 
Lamme Medal of Ohio State University, 
to be awarded to a graduate of one of the 
technical departments for meritorious 
achievement in engineering of the technical 


arts, was presented for 1933 to N. W. 
STORER (A’95, M’03, F’13) consulting rail- 
way engineer of the Westinghouse Electric 
and Manufacturing Company, East Pitts- 
burgh, Pa. Brief biographical sketches of 
Doctor Weston and Mr. Storer are given 
in the personal columns of this issue. 


Additional Awards for 
1932 Institute Papers 


In addition to the national and District 
prizes for papers presented before the Insti- 
tute during the calendar year 1932, as 
announced in ELECTRICAL ENGINEERING for 
June 1933, p. 424-5, announcement now 
has been made of the award of prizes for 
District No. 8. These awards are: 


Prize for best paper awarded to Joseph S. Carroll 
(A’24) and Bradley Cozzens (A’28) for their paper 
“Corona Loss Measurements for the Design of 
Transmission Lines to Operate at Voltages Between 
220 Kv and 330 Kv,” presented at the Pacific 
Coast Convention, Vancouver, B. C., August 30- 
September 2, 1932. 

Prize for Branch paper awarded to William J. 
McLeod (A’33) for his paper ‘‘The Precise Electrical 
Measurement of Short-Time Intervals,” presented 
at a joint meeting of the San Francisco Section and 
the University of Santa Clara, University of Cali- 
fornia and Stanford University Branches on April 
15, 1932. 


Outline of Minutes of 
1933 Annual Meeting 


With President Charlesworth presiding, 
the annual meeting of the American Insti- 
tute of Electrical Engineers was held at the 
Edgewater Beach Hotel, Chicago, IIl., as 
the opening session of the annual summer 
convention, June 26, 1933. 

The annual report of the board of direc- 
tors was presented in abstract by H. H. 
Henline, national secretary. Printed copies 
were distributed to members in attendance 
and are available to any member upon ap- 
plication to Institute headquarters, New 
York, N. Y. The report, which constitutes 
a résumé of the activities of the Institute 
during the fiscal year which ended April 30, 
1933, shows a total membership on that date 
of 17,019. In addition to the 3 national 
conventions and 2 District meetings, 1,524 
meetings were held during the year by the 
local organizations of the Institute in the 
principal cities and educational institutions 
in the United States, Canada, and Mexico. 
The report will appear in full in the quar- 
terly Transactions of the Institute. 

The report of the committee of tellers on © 
the election of officers of the Institute was 
presented, and in accordance therewith 
President Charlesworth declared the elec- 
tion of the following members, taking office 
August 1, 19338: 


John B. Whitehead, dean of the faculty 
The Johns Hopkins University, 


President: 
of engineering, 
Baltimore, Md. 


Vice-Presidents: 

A. M. Wilson, professor of electrical engineering, 
University of Cincinnati, Ohio. 

F. M. Craft, chief engineer, Southern Bell Tele- 
phone & Telegraph Company, Atlanta, Ga. 

R. B. Bonney, educational director, Mountain 
States Telephone & Telegraph Company, Denver, 
Colo. 

R. W. Sorensen, senior professor of electrical 
engineering, California Institute of Technology, 
Pasadena, Calif. 

A. H. Hull, station engineer, Hydro-Electric 
Power Commission of Ontario, Toronto, Ont. 


Directors: 

P. B. Juhnke, chief load dispatcher, Common- 
wealth Edison Company, Chicago, III. 

Everett 5. Lee, engineer in charge, General Engi- 
neering Laboratory, General Electric Company, 
Schenectady, N. Y. 

L. W. W. Morrow, 
New York, N. Y. 


National Treasurer: 


W. I. Slichter, professor of electrical engineer- 
ing, Columbia University, New York, N. Y. 


editor, Electrical World, 


The board of directors for the next ad- 
ministrative year, beginning August 1, 1933, 
will consist of these newly elected officers, 
together with the following hold-over of- 
ficers: H. P. Charlesworth (retiring presi- 
dent), New York, N. Y.; C. E. Skinner, 
Wilkinsburg, Pa.; K. A. Auty, Chicago, 
Ill., C. R. Higson, Salt Lake City, Utah; 
J. Allen Johnson, Buffalo, N. Y.; E. B. 
Meyer, Newark, N. J.; Stanley Stokes, 
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St. Louis, Mo.; L. W. Chubb, East Pitts- 
burgh, Pa.; A. B. Cooper, Toronto, Ont.; 
B. D. Hull, Dallas, Tex.; A. E. Knowlton, 
New York, N. Y.; G. A. Kositzky, Cleve- 
land, Ohio; A. H. Lovell, Ann Arbor, 
Mich.; A. C. Stevens, Schenectady, N. Y.; 
R. H. Tapscott, New York, N. Y.; H. R. 
Woodrow, Brooklyn, N. Y. 

President Charlesworth then congratu- 
lated President-Elect Whitehead upon his 
election and presented him with the presi- 
dent’s badge. Dr. Whitehead responded 
with a brief address, which was enthusi- 
astically received. 

The report of the committee on award of 
Institute prizes, as published in the June 
1933 issue of ELECTRICAL ENGINEERING, 
p. 424-5, was read by W. H. Harrison, chair- 
man of the committee, after which the 
certificates of award were presented by 
- President Charlesworth. 

The Lamme Medal for 1932, which, as 
announced on p. 282 of the April 1933 issue 
of ELrecrrRicAL ENGINEERING, had been 
awarded to Epwarp Weston (A’84, M’84, 
HM/’33, Member for Life, and past-presi- 
dent), of Montclair, N. J., was presented. 

Announcement was made of the elec- 
tion by the board of directors, on May 22, 


1933, of the following Honorary Members 
of the Institute: W.L. R. Emmet, George 
A. Hamilton, A. E. Kennelly, Robert A. 
Millikan, E. W. Rice, Jr., Edward Weston; 
and certificates were presented. Informa- 
tion regarding the careers of these Honorary 
Members may be found elsewhere in this 
issue. 

The annual presidential address then was 
delivered by President Charlesworth. (See 
p. 445-8.) 

Adjourned. 

(Signed) H. H. HEN LINE 
National Secretary 


Election of Honorary 


Members Announced 


Formal announcement of the election of 6 
prominent individuals to honorary member- 
ship in the Institute was made at the annual 
meeting held during the 49th annual sum- 
mer convention, Chicago, Ill., June 26, 1933. 
These new honorary members, all elected 
by unanimous vote of the Institute’s board 


New Illumination Fixtures Feature Chicago Exposition 


Westinghouse Photo 


Looxinc east across the lagoon from the mainland at the Century of Progress Ex- 
position, Chicago’s 1933 World’s Fair, a striking picture of the many illumination features 
is obtained. On Northerly Island, the electrical group appears in the center, with the 


Federal Building at the left and the Horticultural Building at the right. 


In the foreground 


appear 2 of the mushroom lighting units of special design, which illuminate the garden, 
paths, and secondary roadways without detracting from the mass lighting of the main 


buildings. 
deep in a sea of light free from all glare. 


These units, about 4 ft high, give the visitor the effect of walking about waist 
The mushroom luminaire consists of a short 


aluminum standard on which is mounted an inverted cone of translucent micarta, the colors 


of which vary for different parts of the grounds. 


Concealed under the cone is a 150-watt 


clear Mazda lamp in a prismatic refractor, which distributes most of the light approximately 


10 deg below the horizontal, giving maximum spread without glare. 


The light directed by 


the refracting prisms to the grass and pathways is ordinary clear light, while that trans- 


mitted to the eye from the cones is of low intensity in glowing colors. 


spaced approximately 80 ft apart. 


Jury 1933 


The mushrooms are 


of directors at its meeting of May 22, 1933 
are as follows: 
Robert A. Millikan 


E. W. Rice, Jr. 
Edward Weston 


W.L. R. Emmett 
George A. Hamilton 
A. E. Kennelly 


As specified by the Institute’s constitu- 
tion, ‘honorary members may be chosen 
from among those who have rendered 
acknowledged eminent service to electrical 
engineering or its allied sciences.” Each 
member of this distinguished group is more 
than qualified to meet this requirement. 
Biographical sketches are presented in the 
personal columns of this issue. 

The grade of Honorary Member is the 
highest in the Institute, and is held by only 
9 other individuals; these are: Andre E. 
Bondel, Herbert Hoover, Guglielmo Mar- 
coni, Michael I. Pupin, Charles F. Scott, 
Motoji Shibusawa, Frank J. Sprague, 
Ambrose Swasey, and Elihu Thompson. 


San Francisco Section 
Stimulates Student Relations 


The San Francisco, Calif., Section of the 
Institute maintains a Student relations 
committee for the purpose of developing and 
fostering contacts between the Section and 
the Student Branches at the University of 
Santa Clara, University of California, and 
Stanford University. To facilitate this the 
committee membership consists of a faculty 
member and an alumnus of each of the 3 
universities. These men, particularly the 
faculty members, represent an outpost of 
the Institute that is in continuous contact 
with the Students and always accessible to 
them. 

One important phase of the committee’s 
work is in retaining in the Institute those 
students who are leaving college. During 
the past year the committee contacted all 
students whose term of student membership 
expired, and brought to their attention the 
desirability of transferring to Associate 
membership at once and so avoiding the 
usual entrance fee. 

In order to develop among the students a 
greater interest in the Section activities 
the Section executive committee has during 
the past year paid the dinner check of one 
Student from each Branch at each meeting, 
and a Section member serves as host at the 
dinner for the Students from each Branch. 
There have normally been about 6 Students 
attending the dinners, and the plan appears 
to have created a very favorable impression. 


Sodium Vapor Highway 
Light Demonstrated 


The characteristic orange-yellow glow of 
sodium vapor provides night illumination 
for a highway near Schenectady, N. Y., 
where 22 sodium vapor lighting units have 
been placed, under the joint sponsorship of 
the General Electric Company and the 
New York Power and Light Corporation. 
This half mile of highway is stated to be the 
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first to be so illuminated in the United 
States. 

The monochromatic light of sodium falls 
in a region near the maximum sensitivity 
of the eye, and although it has disadvan- 
tages in interior illumination where color 
discrimination is important, this light is 
valuable in highway lighting as it is be- 
lieved to be especially useful in revealing 
the details of objects at low levels of illu- 
mination. Further, these lamps can be 
manufactured with 2 to 3 times the effi- 
ciency of the tungsten filament lamp. 

The lamps are equipped with a special 
type of reflector designed to put the light 
on the road rather than to distribute it in all 
directions. The lamp itself is a gaseous 
discharge device, mounted within a ‘‘ther- 
mos bottle’ to conserve heat and maintain 
the sodium at about 480 deg F. It is 7 in. 
long and less than 3 in. in diam, and fits 
closely within the “thermos” globe. The 
are current is carried through the lamp by 
the gas itself instead of by a filament. 
The lamp wattage is about 80 to 90 watts 
and the light output about 4,000 lumens, 
equivalent to the 400-cp Mazda lamp which 
consumes 215 watts. 


Sodium vapor street lighting unit, not lighted. 

View taken in the direction of looking down 

the highway. The dissimilar sides of the re- 

flector allow the unit to be placed to one side 
of the center of the highway 


Summarized Review of Some 


Schenectady Meeting Discussions 


P RINCIPAL discussions of the Schenec- 
tady meeting papers are summarized here- 
with. The papers to which these discus- 
sions refer were abstracted in ELECTRICAL 
ENGINEERING for May 19338, p. 341-2, 
excepting the papers given more complete 
treatment in this issue or the previous 
issue. 

Only discussion submitted in writing in 
accordance with governing A.I.E.E. rules 
is summarized. Complete discussion, to- 
gether with all approved papers, will be 
published in the TRANSACTIONS. 


ELECTRICAL CHARACTERISTICS OF 
IMPREGNATED CABLE PAPERS 


R. Reiter (Cambridge, Mass.) commented 
on the slopes of the power loss voltage 
gradient characteristics which reached a 
maximum in the range of temperature 
variation employed. He pointed out that 
the findings of other investigators were 
similar and he believed it is possible that, 
as in the case of the turbine-alternator set, 
critical points exist which must be avoided 
by the cable designer in choosing and using 
cable materials, and in specifying the proper 
operating range of the finished cable. 

Another discusser, Eric A. Walker (Cam- 
bridge, Mass.) presented curves and ana- 
lyzed the relationship between the electrical 
characteristics of cables and the frequency. 
Rubber insulated cables also were tested 
which brought out very different character- 
istics from those obtained on the paper 
insulated cable. 

J. B. Whitehead (Baltimore, Md.) in his 
discussion accounted for, in terms of the 
theory of dielectric absorption, most of the 
behavior shown by the authors for impreg- 
nated paper. Under this theory power loss 
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increases as the square of the voltage 
gradient. At higher temperatures the in- 
crease in the conductivity of the oil causes 
a more rapid rise with voltage. At low 
temperatures power factor is independent 
of the voltage gradient and may either rise 
or fall at higher temperatures, depending 
upon the initial conductivity or ionic con- 
tent of the oil. Power loss is proportional 
to frequency but also proportional to power 
factor and the latter may either rise or fall 
with frequency. Consequently, the power 
frequency relationship is not simple. In 
the discusser’s opinion the power factor- 
frequency curve is not a hyperbola, but the 
curves as shown in this paper, if extended 
to lower frequencies, would pass through a 
maximum decreasing to zero at zero fre- 
quency. The discusser referred to a num- 
ber of variations in the shape of the loss 
temperature curve of impregnated paper, as 
affected by the characteristics of the oil 
which were shown in his paper “‘The Dielec- 
tric Losses in Impregnated Paper’ pre- 
sented at the 1933 winter convention of the 
Institute. 


Loss CHARACTERISTICS OF SILICON STEEL 
AT 60 CycLes Wire D-C ExciTaATIoNn 


B. M. Smith (Schenectady, N. Y.) in his 
discussion of this subject cited that hystere- 
sis loss decreases with superposed direct 
current. This fact in the past has given 
engineers encouragement to believe that it 
would be possible to obtain lower core loss 
in power transformers by this means. The 
data given in the paper, however, show that 
although the hysteresis loss is decreased, 
there is a proportionately greater increase 
in the exciting current, which would indi- 
cate that the application of direct current 


could not be used for decreasing transformer 
losses. 

Another discusser, A. L. Gokhale (Sche- 
nectady, N. Y.), raised the question from 
the physicist’s point of view as to why we 
know so little about magnetism, although 
we know comparatively so much more 
about electricity. He summarized the 
several theories and conceptions of mag- 
netic phenomena developed from the time 
of Weber in 1852. He emphasized that the 
conception of B in Weber’s theory led to 
the conclusion that permeability is a non- 
dimensional quantity. He pointed out that 
the Rucker theory of “suppressed dimen- 
sions” rapidly gained in popularity and that 
it is now accepted by a majority of scien- 
tists. The acceptance of one necessarily 
involves a rejection of the other. In this 
way acceptance of the latter theory may 
have caused to be rejected unconsciously a 
very valuable analytical instrument for 
magnetic research. The discusser believed 
that until the question as to whether per- 
meability is a dimensional or a non-dimen- 
sional quantity is answered with convincing 
evidence in support of the answer there did 
not seem to be a likelihood of a rational 
explanation of the magnetic phenomena. 

C. MacMillan (Schenectady, N. Y.) be- 
lieved that the data given in this paper 
should prove valuable to designers of vari- 
ous types of electrical apparatus. He 
pointed out that the cases to which the 
results are immediately applicable are con- 
fined to those in which the superposed 
fields are in line with a common axis. How- 
ever the data also should afford assistance 
in cases involving more complex conditions, 
and field axes which are not necessarily in 
alignment, such as in the magnetic circuits 
of induction motors. 


DESIGN OF RESISTANCE 
WELDER TRANSFORMERS 


In connection with this subject, W. C. 
Hutchins (Schenectady, N. Y.) related the 
rapid development of thyratron control to 
resistance welding and he described its 
applications. Three main reasons why the 
heating of the welder transformer might be 
greater if a non-synchronous contactor is 
used than when thyratron control is used 
were given by the discusser. He also 
referred to the imposition of power factor 
penalties in certain localities for the ob- 
jectionable features or characteristics of the 
resistance welding load which he explained 
may be overcome by the application of 
motor generator sets. 

S. T. Maunder (Pittsfield, Mass.) in his 
discussion of this subject wished to em- 
phasize for the benefit of the industry at 
large that the requirements for secondary 
voltage and capacity are usually much 
higher than anticipated. He explained that 
difficulty is usually encountered by under- 
estimation of requirements at the weld, 
larger current flow than was presupposed 
and too large a drop in the terminals or lines 
to the weld. The drop sometimes is mainly 
due to excessive reactance in the lines, 
which is often nearly 100 per cent. 


Ravio Arps To AiR NAVIGATION 


W. H. Thompson (Lt. Commander, 
U.S.N.) in his discussion emphasized the 
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need for intelligent operation of all scientific 
equipment in the light of its capabilities, 
for defects in such equipment may produce 
errors at possibly rare intervals which are 
difficult to detect. To obtain the correct 
bearing with the aid of the radio direction 
finder he called attention to the need for 
applied corrections to compensate for the 
disturbance caused by the structure of the 
plane. He also referred to propagation 
phenomena such as “‘night effect’? which 
may produce errors or make bearings diffi- 
cult to obtain. He also told of a case where 
the gradual failure of a capacitor in a beacon 
transmitter caused a shift in bearing. 

J. H. Dellinger (Washington, D. C.) gave 
a summary of the development of a system 
of radio aids for the blind landings of air- 
planes as developed by the Bureau of 
Standards serving as the research division 
of the aeronautics branch, U.S. department 
of commerce. In the system developed 
lateral position is given by a runway local- 
izing beacon, longitudinal position by 
marker beacons and vertical position by a 
landing beam. The longitudinal position 
is transmitted in special signals to the pilot’s 
head-phones by 2 marker beacons, one as 
he passes over a point 2,000 ft before the 
edge of the field is reached and the other 
is heard at the edge of the field. The indi- 
cations from the runway localizing beacon 
and the landing beam are received on a 
single instrument with 2 pointers. One 
pointer is vertical and tells him his position 
laterally and the other is horizontal and 
tells him his position in the vertical plane. 
By so operating the airplane controls as to 
keep the 2 pointers crossed at right angles, 
the pilot keeps the plane on the proper path 
for landing. When the second marker- 
beacon signal is heard the pilot levels off 
and lands. 

This subject was also discussed by P. V. 
H. Weems (Lt. Commander, U.S.N.) who 
briefly analyzed the several methods of air 
navigation available. He was optimistic 
in regard to radio navigation particularly 
in view of the fact that radio is a new art 
and so much has been accomplished in 
such a short time. The discusser had seen 
2 impressive demonstrations of the auto- 
matic steering control with automatic radio 
drift correction described in this paper and 
in his opinion it was difficult to overestimate 
the value of this development. 


AIR CONDITIONING OF HOMES 


W. W. Shaver (Corning, N. Y.) in his 
discussion of this subject referred to the 
large cooling load required, as indicated in 
the paper, due to the sun’s radiation through 
the windows. Ordinary window glass trans- 
mits about 87 per cent of the total energy 
and 92 per cent of the visible light in the 
sun’s radiation. He suggested the use of 
special heat resisting heat absorbing glasses 
which can be made to transmit only from 
42 to 20 per cent of the sun’s total radiation 
and from 78 to 45 per cent of the visible 
light. Experiments are now being con- 
ducted at Corning to determine the effec- 
tiveness of such glasses as heat screens. 


REACTIVE POWER 


L. A. Doggett (State College, Penna.) in 
his discussion of this subject in regard to 
the typical modern system recommended 
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agreement on the assumption that there is 
but one type of reactive power, that 
associated with the storage and discharge 
of magnetic energy. Thus defined a syn- 
chronous motor may either receive or supply 
reactive power and a static condenser would 
always supply reactive power. As to the 
sign he recommended consistency with the 
convention of counterclockwise rotation of 
vectors and with conventions of polar co- 
ordinates which call for the negative sign 
in front of jQ, when 7Q represents reactive 
power of the magnetic type. Experience 
has led the discusser to believe that reac- 
tive power follows a law similar to the law 
for the conservation of energy. 

F. W. Godsey, Jr. (New Haven, Conn.) 
in his discussion cited good reasons which 
led him to make the following suggestions. 
The term reactive power in single-phase 
circuits should refer only to the fundamental 
frequency component of the reactive power, 
and that when both current and voltage 
waves have harmonics that the total re- 
active power component be called the total 
reactive power. In regard to polyphase 
systems it was found that for the balanced 
system with sine wave voltages and currents, 
the same conditions apply as in the single- 
phase case. He suggested that reactive 
power refers only to the fundamental fre- 
quency component of the out-of-phase 
power; this is the value usually measured 
by reactive kilovoltampere meters since 


. voltage waves seldom have large harmonics. 


Let the entire out-of-phase component be 
known as the total reactive power. If a 
further description of a particular case is 
necessary, oscillograms must furnish it in 
almost every instance. 

Another discusser, V. Karapetoff (Ithaca, 
N. Y.), was of the opinion that any definition 
of power factor which cannot be realized 


with fairly simple practical measuring in- 
struments will remain a dead letter; on the 
other hand, a definition which may not be 
quite rigorous theoretically may prove to 
be of great practical usefulness if the corre- 
sponding measurements are simple and can 
be readily understood by the average oper- 
ating engineer. The discusser proposed, 
for the purposes of defining and computing 
the value of the power factor on an un- 
balanced polyphase circuit, even with non- 
sinusoidal currents and voltages, that the 
reactive power or energy be defined as the 
reading of a polyphase wattmeter or watt- 
hour meter with its potential windings 
quadratured. 

R. D. Evans (East Pittsburgh, Pa.) de- 
scribed and illustrated recent developments 
of power diagrams which have been extended 
until they now correlate all of the energy 
flow relations in circuits having both re- 
sistance and reactance. Two new vectors 
are added, R and X, whose projections on 
the x-axis represent, respectively, the in- 
stantaneous dissipative power Rz? and the 
instantaneous flow of energy in reactive 
circuit elements. He also discussed the 
plotting of inductive reactive voltamperes 
and gave good reasons for the selection of 
the method with counterclockwise rotation 
of vectors. In regard to the sign the dis- 
cusser favored plotting inductive reactive 
power positive, that is as P + Q, as it seemed 
more readily to provide correlation with 
energy flow and energy storage in simple 
equivalent circuits than the opposite conven- 
tion. He also thought it desirable to con- 
sider the flow of reactive power as positive 
in the direction from the overexcited gener- 
ator to the normal or inductive resistance 
load. 

Another discusser, J. J. Smith (Schenec- 
tady, N. Y.), considered the definitions for 


Telephone Links to Colombia and Venezuela 


Tue horizontal rhombic antennas of the Miama, Fla., receiving station of the American 


Telephone and Telegraph Company, are shown above. 
for radio-telephone circuits to the Bahamas and South and Central American points. 


They are the receiving antennas 
The 


Bell System was linked with Venezuela on December 18, 1932, and with Colombia 4 days 
later by short-wave radio stations near Miami and in the South American countries. 
North America now has direct telephone connections with 7 South American countries; 
other links are giving service to Argentina, Brazil, Chile, Peru, and Uruguay. 
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apparent power given in the papers by 
W. V. Lyon and V. G. Smith. In the case 
of unbalanced polyphase circuits it was 
his belief that the definition suffered from 
a number of disadvantages. Complicated 
equations might become involved in finding 
out what the maximum power is; also the 
solution might require physically impossible 
circuits and these drawbacks complicate 
the practical use of the definition. He sug- 
gested a definition of apparent power based 
upon equal effective currents in all the lines 
and a definite single value for the voltages 
since they are fairly well balanced in most 
cases. 

Part of a discussion by C. C. Herskind 
(Schenectady, N. Y.) draws attention to the 
fact that in view of the increasing use of 
vacuum tube devices in power applications, 
it is important that the effects of harmonics 
on any definition of power factor be fully 
understood. In the past, unbalance power 
has been a source of trouble in the deter- 
mination of power factor and therefore he 
believed it should also be covered by the 
new definition. To take these factors into 
account, the discusser suggested that the 
power factor in a polyphase circuit should 
be defined as P/P,y. 

C. H. Sanderson (New York, N. Y.) dis- 
cussed the paper entitled ‘“‘Operating As- 
pects of Reactive Power.” He felt that 
this paper presented a clear and logical 
view of a subject which is far from being 
clear and logical to the majority of opera- 
tors. The system of reasoning presented 
by the author which may commonly be 
applied to any portion of the power system 
under any condition of power flow and 
which permits a further simplification of 
instrument indications and log records, he 
believed would no doubt receive the hearty 
endorsement of all system operators. 

C. A. Corney (Boston, Mass.) also dis- 
cussed this subject from an operating point 
of view. It was his belief that the adoption 
of the conventions proposed by Mr. John- 
son would simplify the discussion and han- 
dling of reactive power. He explained that 
in the past there had been considerable 
confusion due to the fact that individuals 
as well as groups of operating men had 
built up their own nomenclature and con- 
ceptions which were fundamentally sound 
but differed in the manner in which the 
terms were applied and to the point of 
reference. For example, it is essential to 
know whether “lag’’ or “‘lead’”’ is with 
reference to the bus or to the incoming 
line. Thus a common nomenclature for 
handling reactive power is an important 
factor in successful interconnection. 

M. G. Malti (Ithaca, N. Y.) in his dis- 
cussion of this subject proved mathemati- 
cally that the sum of the readings of p-1 
wattmeters properly connected in a poly- 
phase circuit give the power p supplied to 
that circuit irrespective of the wave form 
of voltage and current or of the balance or 
unbalance of the system. The definitions 
of reactive power and power factor which 
were derived by the discusser were useful 
physically and measurable practically. 

B. E. Lenehan (Newark, N. J.) discussed 
the subject from the standpoint of repre- 
senting in the customary cyclic variation of 
the instantaneous values of an alternating 
voltage or current by the projection of a 
line on the vertical axis rotating once a 
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cycle. In his opinion until the use of either 
voltage or current is standardized as a 
reference vector in making vector diagrams, 
there is no choice between P + jQ and 
P — jQ for inductive loads. When the 
reference vector is chosen the sign of Q is 
or should automatically be determined. It 
is the same in direction as the vector not 
used as reference. 

H. S. Baker (Niagara Falls, Ontario) in- 
quired, since it appears impossible to define 
the exact meaning of “‘reactive volt am- 
peres” or ‘‘power factor” as applied to 
complex circuits, and since there is no hope 
of such a definition being of practical use if 
agreed upon, should we not continue to do 
our metering and billing in the customary 
manner but use some other terms for these 


physical quantities now actually measured 


and used. 

During the meeting an informal ballot 
was taken in regard to the preference of 
sign in designating inductive reactive kilo- 
voltamperes in power triangles. Deduc- 
tions have been made for the duplications 
of names and institutions previously appear- 
ing in a mail ballot. An analysis of the 
vote showed that the negative (downward) 
convention for inductive reactive power in 
triangular power diagrams is favored over 
the positive (upward) convention in about 
the ratio of 3 to 2. This is the case whether 
the individual or institutional index be taken. 


A New Lumen Planimeter 


Starting from the polar curve representing 
the light output of a lamp, it is possible by 
means of the construction of a Rousseau 
diagram to measure the total light output, 
provided the polar curve is the same in the 
different meridian planes, or the curve is at 
least a good mean. An ordinary planim- 
eter then can be used to measure the total 
light output. 

The new lumen planimeter, shown in Fig. 
1, was constructed during the fall of 1932 in 
the electrotechnical laboratory of the Royal 
Technical College in Copenhagen, Denmark, 
and has been reported by J. G. C. Weber. 
This planimeter eliminates the construction 
of the Rousseau diagram and gives directly 
the luminous flux by measuring the polar 
curve. The accuracy obtainable with the 
equipment constructed was within one per 
cent, but could be increased if desired. 


Fig. 1. Lumen 
planimeter for 
measuring light 
output directly 
from the polar 
curve 


Frank B. Gilbreth’s Books Requested.— 
The Newark (N. J.) College of Engineering 
desires to acquire copies of the following 
books by the late Frank B. Gilbreth: Field 
System; Concrete System; Bricklaying 
System; Motion Study Primer of Scientific 
Management; Time Study, the Science of 
Obtaining Methods of Least Waste. These 
books will be placed in the Gilbreth Me- 
morial Room which has been dedicated to 
the memory of this pioneer. The room now 
contains some of his papers, pictures, and 
instruments, and a fairly complete library 
of works on scientific management and 
human relations. This request for the 
books is made by SOLOMAN FISHMAN (A’28), 
assistant professor in industrial engineering 
at Newark College of Engineering; he 
states that, if necessary, a reasonable amount 
will be paid for the books. 


Centenary of Gaston Planté to Be Cele- 
brated.—The Société Francaise des Elec- 
triciens has taken the initiative for a cele- 
bration to be held in 1934 of the centenary 
of Gaston Planté, who contributed much to 
the early development of the storage bat- 
tery. Volta’s discovery of the galvanic bat- 
tery in 1800 initiated research in this field of 
electrochemistry and further discoveries 
were made by Gautherot in 1802, and by 
Ritter in 1803. Other experimenters entered 
the field, but it remained for Planté to de- 
velop a valuable form of cell as a result of 
his study of the properties of metals for the 
accumulation of oxygen. Planté began his 
study of electrolytic polarization in 1859, 
and as a result of his experiments devised a 
battery for the storage of electrical energy, 
consisting of 2 sheets of lead separated by 
strips of rubber and rolled into the form of a 
spiral. It was not until 1881 that other ex- 
perimenters made important discoveries in 
this field. Planté’s name has been per- 
petuated in connection with the storage bat- 
tery, by the so-called Planté plate; this type 
of plate, as distinguished from the others, 
consists of a sheet of lead on which the active 
material is formed electrochemically from 
the lead of the plate itself. To celebrate the 
centenary of Gaston Planté, an interna- 
tional committee is being formed and will 
comprise the highest authorities of the scien- 
tific and industrial world; this committee 
will elaborate a program of commemorative 
ceremonies worthy of this great scientist. 
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Lightning Protection 
of Distribution Systems 


An experimental investigation has been 
carried on by the engineering experiment 
station of Purdue University, Lafayette, 
Ind., in cooperation with the Utilities Re- 
search Commission, Inc., Chicago, IIl., 
during the 4 years 1928-32, to determine 
the effect of potentials, simulating those 
of lightning, upon 2,300/4,000 to 115/280- 
volt electric light and power distribution 
system. These investigations are described 
and summarized in a bulletin entitled 
“Lightning Protection of Distribution Sys- 
tems and Transformers” by C. S. SPRAGUE 
(A’26) and C. F. Harpinc (A’06, F’14). 
The bulletin, research series No. 42, may 
- be obtained from the engineering experi- 
ment station, Purdue University, Lafayette, 
Ind., free to residents of Indiana, and at a 
cost of 50 cents to non-residents. 

In general, the work described in this 
bulletin was centered upon the secondary 
distribution system, the distribution trans- 
former, and the consumer’s wiring circuit, 
as lightning damage commonly manifests 
itself at these points. The major part 
of the investigation has been performed 
upon several spans of outdoor distribu- 
tion line, built especially for the proj- 
ect, on the campus of Purdue Univer- 
sity. This line was constructed in accord- 
ance with the specifications frequently 
used in practice for 4-wire grounded-Y 
2,300/4,000-volt primaries on the upper arm 
and with 3-phase 230-volt power seconda- 
ries and single-phase 115/230-volt 3-wire 
lighting secondaries on the lower arm. The 
majority of the results obtained are not, 
however, necessarily restricted to this one 
type of construction. Accounts of a few 
surge tests upon transformers of other manu- 
facturers than those of the original project 
are also included. 

It is felt that the conclusions which have 
resulted from this investigation will be of 
considerable assistance to the utility opera- 
tor in his efforts to minimize service out- 
ages and interruptions, since several of the 
changes found to be beneficial have already 
been made in large distribution systems. 

The principal results and conclusions 
drawn from the investigation were pre- 
sented at the A.I.E.E. winter convention, 
New York, N. Y., January 25-29, 1932. 
This material was published in ELECTRICAL 
ENGINEERING for September 1932, p. 639— 
42, with revisions which brought it up to 
that date. 


Heating and Ventilating Guide for 1933 
Now  Available-—The 11th annual 
edition of The American Society of Heating 
and Ventilating Engineers’ Guide, 1933, has 
recently been made available. This 
eleventh edition of the standard reference 
volume on heating, ventilating, and air 
conditioning has been extensively enlarged 
and revised to include the latest results of 
research in modern engineering practice. 
Compiled by the foremost engineers in the 
profession, the Guide, 1933, embodies in its 
45 chapters not only the data developed 
at the A.S.H.V.E. research laboratory and 
cooperating institutes, but also the most 
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practical and useful ideas of outstanding 
engineers. The text section of the Guide, 
1933, contains 608 pages, supplemented by 
180 pages of manufacturers’ catalog data 
with an index to modern equipment, also 


64 pages of the A.S.H.V.E. roll of member- 
ship. Copies are obtainable from the 
American Society of Heating and Ventilat- 
ing Engineers, 51 Madison Ave., New York, 
N. Y., at a cost of $5. 


Leiers to the Editor 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be concise and may deal with technical 
papers, articles published in previous issues, or 
other subjects of some general interest and pro- 
fessional importance. ELECTRICAL ENGINEERING 
will endeavor to publish as many letters as possible, 
but of necessity reserves the right to publish them 
in whole or in part, or to reject them entirely. 


STATEMENTS in these letters are expressly un- 
derstood to be made by the writers; publication 
here in no wise constitutes endorsement or recog- 
nition by the American Institute of Electrical 
Engineers. 


Loading Transformers 
by Temperature 


To the Editor: 

There are some errors in my paper on 
“Loading Transformers by Temperature’”’ 
published in the A.I.E.E. Trans. for April 
1930, p. 776-90. For example, in eq 3 on 
p. 779, the term (N + 1) was left out of the 
denominator. Also, eqs 4 and 5 cannot be 
used in the present form. 
~ Eq 3 for the total winding rise should 
read as follows: 


LNR? + 1\% 
N+1 
fede Ek2) "ee eS) 


As this equation stands it is, of course, 
impossible to obtain an explicit solution for 
R. By assuming a constant copper teni- 
perature (L = 1) and making the approxi- 
mation m = ”,. = 1, the following equa- 
tions are obtained: 


T=C-4=To( 


R=. T(N +1) — To 
DON TEED) aN 


(C — A)(N +1) — To 
IN ETON D). LN (5) 


Eqs 4 and 5 are analogous to eqs 4 and 5 in 
the original paper, which are in error. 

The approximation involved in eqs 4 
and 5 is undesirable, since it is pessimistic; 
i. e., it does not allow as much overload as 
might be carried. A more accurate ap- 
proximation is given by the assumption 
given in eqs 6 and 7: 


(4) 


Cs + ny 
N+1 
NR? iV 
= L+m (AS 7 1) (6) 
(R2)ne = 1 +.n,(R? — 1) (7) 


Again, assuming L = 1, and assuming 


No = Ne = = gives the following more 


accurate alternatives to eqs 4 and 5: 


R= 
mT (1 4- N) + (l1—m) (1 + N) (To + Tc) —To 
V ToN + Te(l + N) 


(4a) 
R= 


m(C—A) +N) +A —m)(1+N)(To+Te) —To 
TN + Te(l + N) 
(Sa) 


In general, the author considers it 
preferable to work directly from eq 3 even 
though no explicit solution is available, as 
the problem can easily be handled by plot- 
ting R as a function of JT) and 7, for con- 
stant values of T, L, m and 1,. The data 
in Tables II and III and the curves in 
Figs. 3 and 4 of the original paper were 
calculated from eq 3 corrected as shown 
above. 

The following numerical example is given. 
Assume 


a —mleO) ia—slordesn© 

ho =n = 0.8 INP 32) 

nm = 1.25 T =95degC 

Ty S 420 cere (0 deg C ambient) 
Eq 38 gives R = 1.52 

Eq 4 gives R = 1.40 


Eq 4a gives R 1.48 
Very truly yours, 
V. M. MonrsINGER 
(Power Transformer Dept., 
General Electric Cor 
Pittsfield, Mass.) 


Decibel and 
Decineper Charts 


To the Editor: 


Many calculations can be performed more 
easily and with a great deal less effort by 
the use of charts or slide rules. Charts or 
mechanical slide rules are particularly use- 
ful when the data to be obtained does not 
require extreme accuracy. The decibel and 
neper charts which the author has de- 
signed recently for the purpose of simpli- 


‘fying calculations of power gain and power 


loss in transmission lines or radio amplifiers, 
can be classified under this category. The 
decibel and decineper charts are similar, 
in a way, to the exponential slide rule, 
which was designed by the author and was 
announced in ELECTRICAL ENGINEERING, 
June 1932, p. 400-1. 

One of these charts is a current-voltage 
ratio decibel chart. It is calculated from 


the formulas db = 20 logio = and db = 
1 
20 logio 7 With this chart, decibel gain 
1 


or decibel loss can be obtained, with fair 
accuracy, from zero to 200 decibels. The 
second chart is similar to the first except 
that it is calculated from the formula db = 
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10 logio * and from it data for the power 


1 
decibel can be obtained. ; 
The third is the decineper chart. It is 
calculated from the formula, dn = 5 loge 


a The decineper is used very little in the 
United States; the author therefore did not 
go to the trouble of extending the decineper 
scale above 11.51. If any one desires to 
get higher decibel values than 11.51 they 
can easily be obtained by adding 11.51 for 
every line above the first line used in the 
decineper loss or gain lines. For instance 
if the power loss of a circuit is, let us say, 
3 X 10-4, the chart will indicate 6 deci- 
nepers, but since 3 X 10~4 is 3 lines above 
the first, we therefore have to add 3 X 
11.51 = 34.53. The answer is 40.5 deci- 
nepers. Similarly if the circuit had a gain 
of 3 X 104, then 8 X 104 is 4 lines above 
the first line, and the multiplying factor of 
11.51 is 4. Multiplying 11.51 by 4 and 
adding the result to 6 gives 51.5 decinepers. 

The transmission and radio engineer will 
find these charts a useful and practical 
instrument to save labor and time in solv- 
ing problems involving decibels and deci- 
nepers. 

Very truly yours, 
Louis B. SKLAR (A’30) 
(816 North Sixth St., 
Philadelphia, Pa.) 


Reactive 
Voltampere Conventions 


To the Editor: 

In connection with the group of articles 
on reactive power in the April 1933 issue of 
ELECTRICAL ENGINEERING, p. 259-70, an 
invitation is given Institute members to 
submit comments regarding the assigning 
of a particular geometrical direction to 
reactive power of the inductive and capaci- 
tive forms when represented with power 
and voltamperes in power triangles. 

I wish to vote emphatically for the 
principle of regarding lagging reactive 
power as negative, that is, drawing it down- 
ward from the right-hand end of the kilo- 
watt base. 

Very truly yours, 

G. V. MUELLER (A’28) 
(Asst. Prof. of Elec. Engg., 
Purdue University, Lafay- 
ette, Ind.) 


A New Use 
for X Rays Suggested 


To the Editor: 


I wish to offer some suggestions concern- 
ing the treatment of disease by the use of X 


rays, in the hope that qualified persons may’ 


use them in developing more effective treat- 
ments than the present ones in use. 

We are well aware that ultra-violet rays 
have great germ killing power but lack pene- 
trating power. The new soft X ray tubes, 
with thin windows and low anode to cathode 
electromotive force, show the same charac- 
teristics. While excellent for surface treat- 
ments these do not have the necessary 
penetration for deep seated infections, 
cancer, etc. 

The hard X rays penetrate well but do 
not seem to have the germ killing ability of 
the soft ones. I suggest that we try to 
combine the 2 in the following manner: 

The hard rays, or short wave-length ones, 
have very high frequency which may be 
lowered slightly by lowering the anode to 
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cathode voltage of the tube; therefore it is 
possible, by the use of 2 tubes, with different 
applied voltages, to get 2 sources of X rays 
of slightly different wave-length, but both 
still short enough to penetrate well. 

By passing both of these cones of X rays 
through the body of the patient, say from 
opposite sides or at any angle found best, 
the 2 cones will meet within the body. It 
is quite possible that the resultant effect 
will be the production of a fair amount of 
soft radiation within the body where it is so 
urgently needed to destroy the internal 
infections or abnormal growths. 

This is of course an interference phe- 
nomenon; or, as the radio engineer would 
say, it is a sort of super-super-heterodyne 
effect. We get a beat frequency, cor- 
responding to a soft X ray or to an ultra- 
violet ray, generated by the combination 
of the 2 hard rays of slightly different fre- 
quency and wave-length. The amount of 
the soft rays produced may be much greater 
than can be obtained by the usual secondary 
radiation of standard treatments, and it 
will probably be produced all through the 
body and not just at the bones or other hard 
tissue. 

The softness of the resultant rays can be 
roughly adjusted by adjustment of the 
difference in the tube voltages. This does 
not necessarily require a different high 
voltage source, for the difference required 
can be easily obtained from a small power 
pack made very much like the standard 
radio power pack, and using standard radio 
rectifiers, in tandem, if necessary. 

This is, of course, but a general sug- 
gestion, but I hope some one more familiar 
with the laws of optics than I am will find it 
worth while and will carry it through if it 
be possible. 

Very truly yours, 
T. G. SEIMmELL (A’05) 
(Professor of Electrical Engineering, 
Georgia School of Technology, 
Atlanta, Georgia) 


The Unbalance Factor 
and Theory of Unbalance 
in 3-Phase Triangles 


To the Editor: 


In the dealing with unbalanced 3-phase 
triangles, it has been suggested that a 
“factor of unbalance”? was a measure of the 
departure from a balanced condition. The 
writer intends to show that this factor is an 
indication of unbalance rather than a meas- 
ure, and that, on the other hand, a “factor 
of balance,” given below, has a wide bearing 
on theory and is a true measure of the degree 
of balance. 


AabDC = ANY SCALENE a 
A a by C) = POS. SEQ. VECTORS 
A abe Ca=NEG SEQ.VECTORS 


The unbalance factor of a scalene triangle 
has been defined as the ratio of the lengths 
of the negative and positive sequence com- 
ponents, ”/p. Hence, in an equilateral 
triangle, m is zero, and the unbalance factor 
is zero; in a triangle of maximum un- 
balance the factor is unity. But the 


Fig. 2 


geometry that lies beneath the symmetrical 
components shows that this ratio is not a 
measure of the degree of unbalance, and that 
the simple ratio (p—1)/(p + n) is a measure 
of the degree of balance and may properly be 
called a “factor of balance.” 

In the following development of the 
theory of unbalance. the analytic proofs of 
certain statements are necessarily omitted 
for lack of space. These, however, may be 
verified by simple geometrical construc- 
tions. 

(a). It is shown in Fig. 1 that a scalene 
triangle abc may be resolved into 2 equi- 
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lateral triangles (marked S, and S.) by 
projecting the sides of triangle abc orthogo- 
nally with respect to a pair of rectangular 
axes (XX and YY), onto lines that are drawn 
parallel to either the positive phase sequence 
components ab; and a;c, or to the negative 
sequence components dzb2 and dye, The 
positive and negative sequence vector tri- 
angles, a;b\c¢, and dzb., are obtained by a 
well-known construction. The axes XX 
and YY are parallel to the bisectors of any © 
corresponding pair of sequence vectors, 
say, 1b, and a2b,. The position of the origin 
is arbitrary and is chosen for convenience 
at vertex a. (Fig. 2, published in the 
A.I.E.E. TRANS., v. 47, 1928, p. 341, is 
resubmitted here to clarify Fig. 1.) 

The equilateral triangles S; and S»2 are 
the major and minor auxiliary triangles of 
triangle abc. They are exactly analogous 
to the major and minor auxiliary circles of 
an ellipse. The lines XX and YY are the 
major and minor axes of the particular tri- 
angle. 

The space interpretation of this is given 
in Fig. 3(a). A scalene prism, the right 
section of which is the triangle abc, is cut 
by an oblique section that is the equilateral 
triangle S|; also an equilateral prism, whose 
right section is traingle S), is cut by an ob- 
lique section that is congruent with triangle 
abc. The similarity of Figs. 3(a) and 3(b) is 
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apparent. It may be proved analytically 
that these figures are determined uniquely 
for any given scalene or elliptical right sec- 
tion of the vertical prism. Hence, in Fig. 1 
the traingles S; and S_: are unique for any 
triangle abc. 
(b). In the December 1932, issue of 
- ELECTRICAL ENGINEERING, p. 886-7, it 
was shown in a letter from R. Laplante, 
entitled ‘‘Graphical Determination of the 
Symmetrical Components in a 3-Phase 
Unbalanced System,” that the construction 
used on triangle abc in Fig. 4(a@) gives the 
triangle PPP, equal in size and 180° out 
of phase with the positive sequence vector 
triangle of triangle abc. A similar construc- 
tion (by erecting 30° — 30° — 120° isos- 
celes triangles inwardly on the sides of 
triangle abc, and joining the vertices), 
gives triangle NNN, which is equal in size 
and 180° out of phase with the negative se- 
quence vector triangle of triangle abc. 
These inverted, sequence triangles are both 


shown in Fig. 4(b); they will be referred 
to below as triangle P and triangle NV. All 
3 triangles have a common median center, 
and the difference of the areas of the triangles 
P and N is the area of triangle abc. 

(c). In Fig. 5 the median ellipse, or larg- 
est inscribed ellipse, trisects the medians 
and touches at the mid-points of the sides 
of triangle abc. Its center coincides with 
the median center of the triangle. It can 
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be proved that the major and minor axes 
of this ellipse are the same (direction) as 
the major and minor axes of the triangle, 
and that they bisect the included angles 
between each of the corresponding pairs of 
positive and negative sequence vectors. 
It will be seen that the unbalance of this 
ellipse is the same as the unbalance of the 
triangle. 

The ellipse in Fig. 6 is the largest escribed 
ellipse of the triangle abc. It is twice the 
size of the ellipse in Fig. 5, and is similar in 
phase and shape. For this reason it has the 
same axes as the triangle abc. The major 
auxiliary circle (Ci) of the escribed ellipse 
is now seen to be the escribing circle of the 
major auxiliary triangle S|; the minor circle 
C> is the escribing circle of the minor triangle 
Sy. The major circle is then considered to 
be rotated from the plane of the paper, 
about axis XX, and projected into the 
ellipse. If the major triangle be rotated in 
the same plane as circle Ci, it is clear that 
its projection is triangle abc. Also, as the 
ellipse is projected into the minor circle Co, 
about the axis YY, the triangle abc becomes 
the minor triangle So. 
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The angle d, through which the circle 
and the triangle S; are projected about the 
major axis, equals the angle through which 
the ellipse and the triangle abc are projected 
about the minor axis. Therefore the di- 
hedral angle between the plane of triangle 
S; and the plane of triangle abc, in Fig. 3(a), 
equals the dihedral angle between triangle 
abe and triangle Sy». 

(d). It is found by analysis that p = 
1/o(s, + 2), and ~ = 1/2(s; — se), where 
s; and sp are the lengths of the sides of the 
triangles S,; and Sy, This may be verified 
empirically by the construction of Fig. 1. 
In Fig. 6 it is seen that: 


ji AV AVA a circumscribes triangle Sj 

aS), / 3, circumscribes triangle S2 

de= P) \/ 3, circumscribes triangle P 

r = n/V3, circumscribes triangle NV 

Whence: 

Geant) als t/a Jiao) : 

p = 1/2(sum of the semi-axes of the ellipse) 

n = 1/,(difference of semi-axes of the 
ellipse) 

The ratio (p — n)/(p +2) = 8:/ = g/f 

= TCOSKA. 


It is now obvious that the degree of un- 
balance of a triangle depends directly upon 
the angle d through which itis the projection 
of an equilateral (major) triangle about a 
major axis, or upon the (same) angle through 
which it may be projected into an equilateral 
(minor) triangle about a minor axis. The 
cosine of this angle is given above, and is a 
direct measure of the degree of balance. 
If the factor of balance is then defined as 
cos d; the factor of an equilateral triangle 
is unity; in the case of maximum unbalance, 
it is zero. 

The “factor of unbalance’ previously 
considered, equals n/p. From Fig. 6 this 


ratio equals r/g = (1 — cos d)/(1 + cos d), 
which lacks interpretation in the above 
theory except as an indication of unbalance. 

(e). The nature of the family of triangles, 
possessing the same scalar values of sequence 


components, is interesting at this point. 
The triangles shown in Fig. 7 have the same 
factor of balance, and are all projected 
through the same angle d from the same 
major equilateral triangle S|. Each tri- 
angle has the same area. For each different 
triangle in the family, the major triangle 
has a different inclination with the major 
axis (or the triangle S. in Fig. 6 may be 
considered to be rotated to a new position 
in circle C,), before being projected. The 
dotted circles are the loci of the vertices of 
triangles P and WN for all the scalene tri- 
angles of the family. 

The writer is gratefully indebted to H. S. 
Baker of Niagara Falls, Ontario, for Fig. 1, 
and to C. F. Gummer of Queen’s University 
for the suggestion and valuable proof of 
Fig. 5. 


Yours very truly, 
J. H. Baxer (Enrolled Student ’31) 


(Queen’s University, 
Kingston, Ontario, Can.) 
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Ten Year Study on 
Arch Dams Completed 


An investigation centered on problems of 
constructing and designing arch dams, car- 
ried on by the Engineering Foundation for 
the past 10 years, recently has been com- 
pleted. The results are stated to point the 
way to economies in construction and to 
extend scientific knowledge of dams, with 
which power development, irrigation, water 
supplies of cities, flood control, and security 
of life and property are concerned. 

Four of the most important findings are 
that models of arch dams will react in a 
manner similar to the structure itself, mak- 
ing possible extensive savings; that some 
types of tension cracks will not affect the 
safety of the dam; that the chemically 
generated heat of the concrete plays an in- 
trinsic part in the serviceability of the struc- 
ture; and that concrete dams are not sta- 
tionary but “flow” to a slight degree in 
response to water pressure. In other words, 
concrete is slightly plastic under high pres- 
sure. 

Elaborate experiments were made on an 
arch dam 60 ft high built on Stevenson 
Creek in the Sierras, about 60 miles from 
Fresno, Calif. Supplementing these ex- 
periments, 3 small models of the Stevenson 
Creek Dam were constructed at Princeton 
University, and models of this and other 
dams were built by the United States Bu- 
reatt of Reclamation at the University of 
Colorado. Many large dams previously 
constructed also were studied. 

The committee on arch dam investigation 
was appointed in 1922 with Prof. C. Der- 
leth, Jr., of the University of California, as 
chairman. He was succeeded in 1926 by 
Prof. C. D. Marx of Stanford University, 
former chairman of the engineers’ advisory 
board of the Reconstruction Finance Corpo- 
ration. Seventy-five organizations con- 
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tributed more than $125,000 in cash to fur- 
ther the inquiry, and contributions of serv- 
ices and materials brought the total value 
above $200,000. 


Flag of 11th Engineers 
Presented to Engineering Societies 


One of the 2 national flags of the 11th 
Engineers, U.S. Army, a New York regi- 
ment that became famous for the part it 
played in the battle of Cambrai in Novem- 
ber 1917 while building railroads on the 
British front in France, was presented to the 
United Engineering Trustees, Inc., on June 
15, 1933, by Mrs. William Barclay Parsons, 
widow of Gen. William Barclay Parsons, 
who commanded the regiment during a 
large part of its 2 years of service in France. 
The United Engineering Trustees plan to 
display the flag with the flags of other engi- 
neer regiments now in their possession in 
the entrance hall of the Engineering Societies 
Building, New York. The flag is the 
national colors, made of bunting, and was 
used by the regiment for general service 
during its entire period of war service in 
France. 


A group of approximately 40 representa- 
tives of the 11th Engineers Regiment, the 
engineering societies, and of the family of 
General Parsons gathered for the presenta- 
tion. G. L. Knicut (A’11, F’17), a trustee 
of United Engineering Trustees, presided. 
Colonel A. S. Dwight, connected with the 
regiment from its organization and now its 
senior officer, gave a brief history following 
the presentation by Mrs. Parsons. Mr. 
Knight accepted the flag on behalf of the 
United Engineering Trustees, representing 
the national engineering societies. 


G. L. Knight Appointed 
Trustee of U.E.T., Inc. 


By action of the board of United Engi- 
neering Trustees, Inc., May 22, 1933, G. L. 
Knicut (A’1l1, F’17) was appointed a trus- 
tee of that organization to fill the vacancy 
caused by the resignation of A. W. BERRES- 
FORD (A’94, F’14, past-president). 

Mr. Knight will serve for the complete 
term, which expires January 1935. He is 
vice-president in charge of mechanical 
operations, Brooklyn Edison Company, 
Brooklyn, N. Y. 


| eae liems 


A. E. KENNELLY (A’88, M’99, F’13, Life 
Member and past-president) has been 
elected an Honorary Member of the Insti- 
tute, the highest grade of membership 
available. Announcement of this election 
was made during the summer convention, 
Chicago, Ill., June 26-30, 1933. He was 
born at Colaba, near Bombay, East India, 
in 1861, and was educated at private schools 
in Great Britain, France, and Belgium, in- 
cluding the University College School in 
London. He has received the honorary de- 
grees of master of arts from Harvard Uni- 
versity, 1906; and doctor of science from 
the University of Pittsburgh, 1895, and 
from the University of Toulouse, France, 
1922. In 1875 Doctor Kennelly became 
assistant secretary of the Society of Tele- 
graph Engineers (now Institution of Elec- 
trical Engineers) London, and in the follow- 
ing year entered the Eastern Telegraph 
Company as an operator. He was ap- 
pointed assistant electrician in Malta in 
1878, chief electrician of a cable repairing 
steamer in 1881, and senior ship electrician 
on submarine cables in 1886. Coming to 
the United States in 1887, Doctor Kennelly 
was engaged as principal electrical assistant 
to Thomas A. Edison until 1894. During 
1893 he also was consulting electrician to 
the Edison General Electric Company, 
and to the General Electric Company of 
New York. From 1894 to 1901 he was a 
member of the firm of Houston and Ken- 
nelly, consulting electrical engineers of 
Philadelphia, Pa. In 1902 he had charge 
of the laying of the Vera Cruz-Frontera- 
Compeche cables for the Mexican govern- 
ment. Between 1902 and 1930 Doctor 
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Kennelly was professor of electrical engi- 
neering at Harvard University, and held the 
same position at Massachusetts Institute of 
Technology between 1913 and 1924. For 
the latter organization he also was director 
of electrical engineering research and 
chairman of the faculty between 1917 and 
1919. In 19380, he became professor 
emeritus of electrical engineering for both 
Harvard University and Massachusetts 
Institute of Technology. During 1918 he 
was civilian liaison officer for the Signal 
Corps of the United States Army in France. 
During the year 1921-22 he represented 7 
cooperating American universities as first 
exchange professor in engineering and 
applied science at several French universi- 
ties, and in 1931 was visiting electrical 
engineering lecturer to Japanese universi- 


R. A. MILLIKAN 


A. E. KENNELLY 


ties. Between 1924 and 1927 he was re- 
search associate to the Carnegie Institution. 
Doctor Kennelly has published about 28 
books, of which he is the sole author of 10, 
included in which are ‘“‘Theoretical Elements 
of Electro-Dynamic Machinery,’ ‘Electric 
Lines and Nets,” ‘‘Wireless Telegraphy,”’ 
“Blectrical Vibration Instruments,’ and 
several on hyperbolic and other complex 
functions. Perhaps Doctor Kennelly’s most 
important works are contained in his papers, 
numbering over 300, many of which have 
been presented before leading scientific and 
technical organizations in the United States 
and abroad, and have been widely dis- 
tributed in technical publications. One of 
his chief contributions to applied science is 
a paper on “Impedance’’ presented in 1893 
before the A.I.E.E. and containing the 
first use of complex numbers as applied to 
Ohm’s law in a-c engineering. Doctor 
Kennelly in 1902 expounded a theory on the 
influence of solar ionization in the atmos- 
phere on long distance radio transmission, 
which has since been verified experimentally 
and has resulted in the naming of the so- 
called ionized layer of reflection, the Ken- 
nelly-Heaviside layer. Doctor Kennelly is 
a member of a large number of organiza- 
tions, most of them technical, in the United 
States and other countries; in many of 
these he is an honorary member, president, 
or past-president. Doctor Kennelly also 
has served as a delegate to several inter- 
national electrical conferences over a period 
of many years. He has been active in the 
Institute since he joined in 1888, and at 
present is a member of several committees. 
He has received the following medals and 
awards: Institution Premium, 1887, and — 
the Fahie Premium, 1889, from the Institu- 
tion of Electrical Engineers, Great Britain; 
Longstreth Silver Medal, 1916, and Howard 
Potts Gold Medal, 1917, from the Franklin 
Institute; Third Order Mejitieh, Egypt, 
1885; Chevalier Legion d’Honneur, France, 
1922, Medal of Honor of the Institution of 
Radio Engineers, 1932. 


R. A. Mitiran (M’22), as formally 
announced at the summer convention, 
Chicago, Ill., June 26-30, 1933, has been 
elected Honorary Member, the highest 
grade of membership in the Institute. He 
was born at Morrison, Ill., in 1868, and 
received the degree of bachelor of arts from 
Oberlin College in 1891 and that of doctor 
of philosophy from Columbia University 
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in 1895. In the years 1895-96, he attended 
the universities of Berlin and Gottingen. 
He has received the degrees of doctor of 
science, doctor of laws, and doctor of 
philosophy from several universities in the 
United States and other countries. From 
1891 to 1893 he tutored in physics at Oberlin 
College, and in 1896 became assistant in 
physics at the University of Chicago, be- 
coming assistant professor in 1902; from 
1906 to 1910 he was associate professor, 
‘becoming professor in the latter year, and 
remaining at the University of Chicago until 
1921. Since 1921 he has been director of 
the Norman Bridge Laboratory of Physics 
and chairman of the executive council of 
the California Institute of Technology, 
“Pasadena. Probably the best known of 
Doctor Millikan’s earlier works are his oil 
drop experiments, whereby the absolute 
value of the charge on the electron was de- 
termined. His work on the accurate deter- 


mination of the so-called h constant by 


experiments on the photoelectric effects 
also are of considerable importance in the 
structure of the atom. He later did con- 
siderable work toward the definite bridging 
of the gap between light and X ray phe- 
nomena, and more recently has become well 
known for his experiments on the so-called 
“cosmic”? or Millikan ray. His contribu- 
_tions to experimental physics have been of 


special importance to electrical engineers. 


- In his work of instruction, he has evidenced 
rare ability to impart his own extraordinary 
scientific knowledge to others. Doctor 
Millikan is the author of several books, most 
of them dealing with physics and education, 
and has written many technical papers on 
physical topics. He is a member of many 
societies in the United States and other 
countries, and has served as president of 
the American Association for the Advance- 
ment of Science, 1929, and the American 
Physical Society, 1916-18. Since 1917, he 
has been vice-chairman of the National 
Research Council, of which he was one of 
the initiators. In 1922, he was an exchange 
professor to Belgium. He was commander, 
lieutenant-colonel, Signal Corps, U.S. 
Army, 1918, and chief of the science and re- 
search division of the Signal Corps. Among 
the medals and awards which he has re- 

Comstock Prize of the Na- 

tional Academy of Sciences, 1913; Edison 

Medal of the A.I.E.E., 1922; Hughes 

Medal of the Royal Society of Great 

Britain, 1923; Nobel Prize in physics, 

1923; Faraday Medal of the London 

Chemical Society, 1924; Mattencci Medal 
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G. A. HAMILTON 


WL. R. EMMET 


of the Societa Italiana della Scienze, 1925; 
gold medal of the American Society of 
Mechanical Engineers, 1926; Messel Medal 
of the Society of the Chemical Industry 
(British) 1928; gold medal of the Society of 
Arts and Sciences (for his theory of creation 
of cosmic rays) 1929; Chevalier de l’Ordre 
National de la Legion d’Honneur, 1931. 


Bo Wee Ricks [Re CALS me MSs; 713; 
Member for Life, and past-president) was 
born at LaCrosse, Wis., in 1862. While at- 
tending school in Philadelphia, Pa., in 1876, 
he came in contact with Prof. Elihu Thom- 
son, then a teacher in the high school. In 
1880 when Professor Thomson went into 
electrical manufacturing, young Rice be- 
came his assistant. After 3 years with 
Professor Thomson in New Britain, Conn., 
both went to Lynn, Mass., upon the organi- 
zation of the Thomson-Houston Electric 
Company. Here he was plant superintend- 
ent from 1883 until 1888, when he became 
technical director. In 1892 upon the 
formation of the General Electric Company, 
Doctor Rice became vice-president; then 
president, 1913; and honorary chairman 
of the board, 1922; he now holds the latter 
position. He has received the honorary 
degrees of master of arts from Harvard 
University 1903, doctor of science from 
Union College 1906 and the University of 
Pennsylvania 1924, and doctor of engineer- 
ing from Rensselaer Polytechnic Institute 
1917. In connection with his receipt of 
the A.J.E.E. Edison Medal for 1931, a 
biographical sketch of Doctor Rice was 
given in ELECTRICAL ENGINEERING for 
January 1932, p. 61, and a sketch of his 
career prepared by Dr. Elihu Thomson was 
given in the March 1932 issue, p. 195-6. 


EpwarpD WESTON (A’84, M’84, Member 
for Life, and past president) was one of the 
distinguished group of individuals whose 
election as an Honorary Member of the 
Institute was announced during the sum- 
mer convention at Chicago, IIl., June 26-30, 
1933. Doctor Weston was born in Shrop- 
shire, England, in 1850, coming to New 
York City in 1870. Since then he has been 
active in the electrical industry in this coun- 
try. In 1877 the Weston Company was 
incorporated to engage in the manufacture 
of dynamo electric machines; the need for 
practical instruments, however, caused him 


to establish the Weston Electrical Instru- 
ment Company in 1888. He was vice- 
president and general manager of this com- 
pany from 1888 to 1905; president from 
1905 to 1924; and since that time chairman 
of the board. A more complete biographi- 
cal sketch of Doctor Weston’s career, in- 
cluding his activities in the Institute and 
other technical organizations was presented 
in ELECTRICAL ENGINEERING for April 1933, 
p. 282, in connection with the announcement 
of the award for the 1932 Lamme Medal of 
the A.I.E.E. 


W. L. R. Emmet (A’93, M’94, Member 
for Life and past-vice-president) has been 
elected an Honorary Member of the Insti- 
tue, as announced at the summer convention 
held in Chicago, Ill., June 26-30, 1933. 
This is the highest grade of membership in 
the Institute, and Doctor Emmet is well 
qualified for this rank. He was born at 
Pelham, N. Y.,in 1859, graduating from the 
U.S. Naval Academy in 1881. In 1887 he 
joined the Sprague Electric Company, being 
active in electric railroad development, and 
for a short time after 1890 he was with the 
Westinghouse Electric and Manufacturing 
Company. He later joined the Edison 
General Electric Company, and in 1900 
started his work in the development on the 
Curtis steam turbine, on which he made 
many important improvements. He was 
the first to point out the great importance of 
high vacuum in the operation of turbines, 
and also initiated the use of the turbine for 
ship propulsion (1907). More recently, 
he has been active in the development of 
turbines using mercury vapor instead of 
steam. A biographical sketch of Doctor 
Emmet was presented in ELECTRICAL ENGI- 
NEERING for November 1932, p. 818, in 
connection with his having received the 
John Scott Medal award. 


G. A. HamiLton (A’84, M’84, F’13, and 
Member for Life, and past vice-president) 
has been elected an Honorary Member of 
the Institute, as announced at the summer 
convention held in Chicago, Ill., June 26-30, 
1933. Mr. Hamilton, a charter member 
of the Institute and its first vice-president, 
was born in Cleveland, Ohio, in 1848. He 
early showed great interest in electricity 
and while still a boy built a modest tele- 
graph line himself. Between 1860 and 1873, 
he was in telegraph and railway signaling 
service, being a messenger at Salem, Ohio, 
in 1861, and later in the same year manager 
of the Atlantic and Great Western Railroad 
office at Ravenna, Ohio. After a brief 
illness in 1863, he went to Pittsburgh, Pa., 
as operator and manager of the Inland Com- 
pany, and in 1865 he became manager of 
the United States Telegraph Company’s 
office at Franklin, Pa. He returned to Pitts- 
burgh in 1866 as chief operator and circuit 
manager, remaining until 1873 when the 
Western Union Telegraph Company ab- 
sorbed this company. Between 1873 and 
1875 he was assistant to Prof. Moses G. 
Farmer of Boston, Mass., a pioneer electri- 
cal inventor engaged in the manufacture of 
general electrical apparatus and machinery. 
Here he received much valuable experience. 
In 1875 he became assistant electrician of 
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the Western Union Telegraph Company in 
New York, N. Y., participating in the es- 
tablishment and maintenance of the first 
quadruplex telegraph circuit and carrying 
out experiments preliminary to establishing 
the Wheatstone high-speed automatic sys- 
tem in the United States. In 1876, Mr. 
Hamilton was appointed chief electrician of 
the repair expedition of the Key West- 
Havana cable. In 1889 he became engineer 
for the Western Electric Company, New 
York, N. Y., being given supervision and 
care of the department for the production 
of fine electrical instruments, and retained 
this position until his retirement in 1909. 
Mr. Hamilton served the Institute as its 
national treasurer continuously between 
1895 and 1930, and was a member of the 
Edison Medal and executive committees 
for many years previous to 1930. He is a 
member of the Institution of Electrical 
Engineers (Great Britain), Société Fran- 
¢aise des Electriciens, Société Francaise de 
Physique, and Société Belge. d’Astronomie. 


C. F. Scorr (A’92, M’93, F’25, HM’29, 
Member for Life and past-president) pro- 
fessor of electrical engineering and for the 
past 22 years head of that department at 
Yale University, New Haven, Conn., re- 
tired from active service at the end of the 
college year just completed. He was born 
in Athens County, Ohio, in 1864, and after 
attending Ohio University at Athens for a 
while, he entered Ohio State University at 
Columbus, from which latter institution he 
graduated in 1885 with the degree of bache- 
lor of arts. He then spent 1!/2 years at 
The Johns Hopkins University, Baltimore, 
Md., in post graduate work. He has re- 
ceived the honorary degrees of master of 
arts from Yale University, doctor of science 
from the University of Pittsburgh, and doc- 
tor of engineering from Stevens Institute of 
Technology. While at Johns Hopkins 
University, he taught in the Baltimore and 
Ohio Railroad apprentice course. He then 
went into construction work with a company 
that was installing an a-c lighting plant in 
the Baltimore locomotive works. Doctor 
Scott entered the testing department of the 
Westinghouse Electric and Manufacturing 
Company at Pittsburgh in 1888, commenc- 
ing on night duty in the dynamo room, 
from which he graduated to the laboratory 
where he assisted Nikola Tesla in his work 
on a-c motors. Later on he was given 
charge of the experimental work on the 
tests for motors. In 1891 he was appointed 
assistant electrician for the company, and 
in 1897 was made chief electrician, con- 
tinuing in that capacity until 1904, when he 
became a consulting engineer of the com- 
pany, having held this position ever since. 
Among the many important contributions 
to the electrical art which Doctor Scott has 
made, is the well-known Scott connection 
which he devised in 1892 for the inter- 
connection of 2-phase and 3-phase power 
systems. He is stated to be the first man 
to measure corona losses on transmission 
lines, and the first to suggest the use of water 
to cool oil insulated transformers. In 1911 
he severed his active connection with the 
Westinghouse company to become professor 
of electrical engineering at Sheffield Scien- 
tific School of Yale University, and was head 
of the department of electrical engineering 
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from that time until his retirement which 
has just taken place. Doctor Scott has 
been a prolific contributor to the technical 
press and to the discussions of electrical 
development before the Institute and other 
engineering societies. He also has con- 
tributed much to the development of pres- 
ent methods of engineering education. 
His interest in technical education led to the 
establishment of the Westinghouse Club 
which has aided thousands of student engi- 
neers, and to the formation of the Electric 
Journal in 1904, to which he has been a 
frequent contributor. For many years he 
has actively served the Institute in various 
capacities, having been a representative of 
the Institute on several bodies, and a mem- 
ber of many of the Institute’s committees. 
At present he is a member of 8 of the Insti- 
tute’s committees or joint bodies. He has 
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long been an ardent advocate of the system 
of Sections and Branches of the Institute. 
His advocacy of the erection of a building 
for headquarters of the national engineering 
societies led to the receipt of a gift from 
Andrew Carnegie which made possible the 
Engineering Societies Building. He was 
chairman of the building committee. He 
also was active in the formulation of the 
Federated American Engineering Societies, 
now American Engineering Council. He 
is a member of the Engineers’ Society of 
Western Pennsylvania, president 1902; 
the Society for the Promotion of Engineer- 
ing Education, president 1921-23; The 
American Society of Mechanical Engi- 
neers; the Illuminating Engineering So- 
ciety; and other technical organizations. 
The A.I.E.E. awarded to him its 1929 
Edison Medal for his contributions to the 
science and art of polyphase transmission 
of electrical energy, and he has been awarded 
the Lamme Medal by the Society for the 
Promotion of Engineering Education. 


R. A. Hentz (A’14, M’26, F’29) electrical 
engineer for the Philadelphia Electric 
Company, Philadelphia, Pa., has received 
honorable mention in connection with the 
1932 A.I.E.E. national prize for best paper. 
His paper, written in collaboration with 
J. W. Jones (A’22) was “‘Stability of Cono- 
wingo Hydroelectric Station, Philadelphia 
Electric Company System.’ Mr. Hentz 
was born in New York, N. Y., in 1889, and 
graduated from Cornell University, Ithaca, 
N. Y., in 1911. He then joined the organi- 
zation of the Philadelphia Electric Com- 
pany being an assistant in electrical dis- 


tribution until 1913, assistant in electrical 
design of stations until 1916, chief electrical 
designer on station electrical design until 
1920, assistant engineer of station electrical 
design and construction until 1925, be- 
coming engineer in charge of the station 
electrical division, handling both design and 
construction, in 1925. Upon reorganization 
of the company in 1929, he was appointed 
electrical engineer, the position which he 
now holds. He has been associated with the 
electrical apparatus committee of the Na- 
tional Electric Light Association since 1923, 
having been chairman for the year 1929-30; 
he also has been a member of the power 
systems engineering committee of that or- 
ganization since 1930. For the Institute, 
he was a member of the committee on pro- 
tective devices 1924-26, and the committee 
on electrical machinery 1926-27. 


H. A. FrRepprick (A’12, M’24, F’28) 
transmission instruments director, Bell 
Telephone Laboratories, Inc., New York, 
N. Y., has, with his co-author, H. C. HARRI- 
son (A’19), received honorable mention in 
connection with the 1932 A.J.E.E. national 
prize for best paper in theory and research, 
for the paper entitled ‘‘Vertically Cut Sound 
Records.’’ Mr. Frederick was born in Es- 
sex, N. Y., in 1887. He received the degree 
of bachelor of science in mathematics and 
physics from Princeton University in 1910, 
and degree of electrical engineer from the 
same institution in 1912. Between 1912 
and 1925 he was with the Western Electric 
Company, Inc., New York, N. Y., being 
first engaged on research studies on tele- 
phone receivers and amplifiers until 1914, on 
development studies of telephone receivers 
and transmitters until 1916, on development 
studies of telephone apparatus chiefly for 
special uses by the government in the war 
until 1918, and from then until 1925 he was 
in charge of development studies on tele- 
phone instruments. Since 1925 he has been 
with the Bell Telephone Laboratories, Inc., 
in charge of development studies of trans- 
mission instruments including recording 
and reproduction of sound. 


Irwin Occott (Enrolled Student) has, 
with his co-author, E. R. GABRTTNER (En- 
rolled Student), received the 1932 A.I.E.E. 
North Central District prize for Branch 
paper for the paper entitled “‘Magnetism and 
Diamagnetism.”” Mr. Olcott was born in 
Denver, Colo., in 1911, and received the de- 
gree of B.S. in E.E. from the University of 
Denver in 1932. He is now studying at the 
State University of Iowa, Iowa City. His 
master of science thesis is on the design of an 
X ray tube to be used in the determination of 
the crystal structure of spectroscopically 
pure bismuth. He was student assistant in 
the physics laboratory at East High School, 
Denver, Colo., during 1928-29, and was as- 
sistant chemist, Longmont Farmers Milling 
and Elevator Company, Denver, 1930-31, 
and laboratory instructor, department of 
electrical engineering, University of Denver, 
summer 1931. Mr. Olcott received a tui- 
tion scholarship to the University of Denver, 
and has received the following honors: 
Mu Sigma Tau (electrical engineering), 
Pi Delta Theta (mathematics), Delta Chi 
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(chemistry), Alpha Nu (astronomy), and 
Delta Epsilon (science). He also has been 
secretary of the University of Denver 
Branch of the Institute. 


H. C. Harrison (A’19) special trans- 
mission instruments research engineer, Bell 
Telephone Laboratories, Inc., New York, 
N. Y., has, with his co-author, H. A. 
FREDERICK (F’28), received honorable men- 
tion in connection with the 1932 A.I.E.E. 
national prize for best paper in theory and 
research for the paper entitled ‘‘Vertically 
Cut Sound Records.’ Mr. Harrison was 
born in Scribner, Neb., in 1887, and received 
the degree of bachelor of arts from Colorado 
College in 1910, and the degree of bachelor 
of science from Massachusetts Institute of 
Technology in 1913. After remaining at 
M.1.T. for a year as instructor, he joined the 
engineering department of the Western 
Electric Company that is now incorporated 
as the Bell Telephone Laboratories, in 1914. 
Here he first engaged in fundamental studies 
of receivers and carbon button microphones. 
This was followed by work on improved in- 
struments and processes for recording and 
reproducing sound. Some 51 United States 
patents have been issued in his name cover- 
ing such matters as microphones, recorders, 
reproducers, loud speakers, the orthophonic 
phonograph and sound measuring instru- 
ments. 


J. W. Jones (A’22) senior engineer, 
system planning section, Philadelphia Elec- 
tric Company, Philadelphia, Pa., has re- 
ceived honorable mention in connection with 
the 1932 A.J.E.E. national prize for best 
paper, for the paper by him and R. A. 
Hentz (F’29) entitled ‘Stability of Cono- 
wingo Hydroelectric Station, Philadelphia 
Electric Company System.” Mr. Jones 
was born in Camden, N. J., in 1894, and 
graduated from the University of Pennsyl- 
vania in 1920 with the degree of B.S. in 
E.E. Previous to graduation he was for 2 
years between 1917 and 1919 in the radio 
service of the Signal Corps, U.S. Army. 
He has been with the Philadelphia Electric 
Company continuously since 1920, having 
been employed successively in station con- 
struction, inspection, design, system plan- 
ning, and transmission and distribution. 
He has been closely associated with the de- 
velopment of the Conowingo hydroelectric 
project and the Pennsylvania-New Jersey 
220-kv interconnection. 


A. H. Lovett (A’12, M’13) assistant dean 
and professor of electrical engineering, Uni- 
versity of Michigan, Ann Arbor, has re- 
ceived honorable mention in connection 
with the 1932 A.I.E.E. national prize for 
best paper in public relations and education, 
for his paper entitled ‘“‘Engineering Sub- 
jects, Electrical and Cognate in the Four- 
Year College Program of Electrical Engi- 
neering.’’ Professor Lovell was born in 
Hamilton, Ontario, Canada, in 1884, and 
received the degrees of B.S. in E.E. from 
the University of Michigan in 1909, and 
M.S. from the same institution in 1914. 
After a varied experience in design and 
construction of power generation projects, 
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he became an instructor at the University 
of Michigan in 1911, and a professor in 1919. 
In 1929, he was appointed assistant dean. 
A personal item regarding Professor Lovell 
was given in ELECTRICAL ENGINEERING for 
January 1932, p. 55, in connection with 
his nomination as a director of the Insti- 
tute. 


J. B. Wurrenran (A’00, M’08, F’12, and 
Life Member) dean of the faculty of engi- 
neering at The Johns Hopkins University, 
Baltimore, Md., and president-elect of the 
Institute for the 1933-34 term, has received 
the 1932 A.I.E.E. national prize for best 
paper in theory and research for the paper 
“‘Predetermination of the A-C Characteris- 
tics of Dielectrics’? which he prepared 
jointly with Alfredo Bafios, Jr. (A’31). 
Doctor Whitehead is well known to the 
membership of the Institute. Biographical 
sketches of him have appeared in ELECTRI- 
CAL ENGINEERING for January 1933, p. 60, 
in connection with his nomination for the 
Institute’s presidency; in the June 1932 
issue, p. 421-2, in connection with his elec- 
tion to membership in the National Acad- 
emy of Sciences; and in the December 1931 
issue, p. 978-9, in connection with his hay- 
ing been awarded the Elliott Cresson gold 
medal of the Franklin Institute. 


R. E. Donerty (A’16, M’27) dean of the 
engineering college of Yale University, New 
Haven, Conn., has received the 1932 
A.L.E.E. prize for the best paper in public 
relations and education for his paper 
“Educational Aspects of Engineering and 
Management.” Dean Doherty was for 
many years consulting engineer of the 
General Electric Company, Schenectady, 
N. Y., becoming professor of electrical engi- 
neering at Yale University in 1931, as an- 
nounced in ELECTRICAL ENGINEERING for 
June 1931, p. 450. Another personal item 
briefly outlining his achievements was given 
in the September 1932 issue, p. 672. An- 
nouncement of his appointment as dean of 
the new engineering college, which takes 
over the engineering division of Sheffield 
Scientific School of Yale University, was 
given in ELecrricAL ENGINEERING for 
January 1933, p. 64. 


C. P. Potrer (A’19, M’21, F’29) elec- 
trical engineer for the Wagner Electric 
Corporation, St. Louis, Mo., has received 
the 1932 A.I.E.E. South West District 
prize for best paper for “Heating and Over- 
load Protection of Polyphase Motors.” 
Mr. Potter is a graduate of the University of 
Illinois and his entire professional experience 
has been with the Wagner Electric Cor- 
poration, having joined this organization 
in 1909. He has for a number of years been 
in charge of the transformer and large motor 
engineering department. He has been ac- 
tive in local A.I.E.E. affairs, and is a past 
chairman of the St. Louis Section. He is 
also a member of the general engineering 
committee of the motor and generator sec- 
tion of the National Electric Manufactur- 
ers Association, and a member of the induc- 
tion motor subcommittee of the A.I.E.E. 
electrical machinery committee. 


F. M. Srarr (A’30) of the distribution 
systems section of the central station engi- 
neering department of the General Electric 
Company, Schenectady, N. Y., has received 
honorable mention in connection with the 
1932 A.J.E.E. national prize for initial paper 
for his paper entitled “Equivalent Cir- 
cuits—I.’”’ As announced in ELECTRICAL 
ENGINEERING for November 1932, p. 808-9, 
and p. 818, Mr. Starr received the Alfred 
Nobel prize for 1932, for this same paper. 
Mr. Starr was born in Fowler, Colo., in 1905, 
and graduated from the University of Colo- 
rado in 1928, with the degree of B.S. in 
E.E. He immediately entered the testing 
department of the General Electric Com- 
pany at Schenectady, and in 1929 entered 
the engineering general department. Since 
1930 he has been in the distribution systems 
section of the central station engineering 
department. 


L. W. Rosert, Jr. (A’31) who has at- 
tained prominence throughout the South as 
president of Robert and Company, Inc., 
consulting engineers and architects of At- 
lanta, Ga., has been appointed assistant 
secretary of the Treasury in charge of pub- 
lic buildings. He was born in Monticello, 
Ga., in 1887, and received the degree of 
B.S. in C.E. from Georgia School of Tech- 
nology in 1908; during the following year 
he took post-graduate work in electrical 
engineering at the same institution. Be- 
tween 1909 and 1912, he was inspector, 
designer, and engineer with P. A. Dallas, 
consulting engineer in Atlanta, handling 
responsible work on industrial plant design, 
steam plants and hydroelectric plants. 
Between 1912 and 1917, he was a member of 
the firm Dallas-Robert Company of Atlanta, 
and in 1917 organized the firm of Robert and 
Company. This firm handled some quar- 
ter of a billion dollars of major engineering 
projects involving industrial and public 
utility plants and all classes of architectural 
work. He has been a consulting engineer 
of several railway companies, and a director 
of many industrial corporations. Mr. Rob- 
ert is a member of the American Society of 
Civil Engineers, The American Society of 
Mechanical Engineers, and the Georgia 
State Board of Architects. In his present 
capacity of assistant secretary of the 
Treasury in charge of public buildings he will 
participate actively in the building plans of 
the government. 


N. W. Srorer (A’95, M’03, F’18, Mem- 
ber for Life, and past vice-president) con- 
sulting railway engineer, Westinghouse 
Electric and Manufacturing Company, 
East Pittsburgh, Pa., was recently awarded 
the 1933 Lamme Medal of Ohio State Uni- 
versity. He was born at Orangeville, 
Ohio, in 1868, and graduated from Ohio 
State University, Columbus, in 1891, with 
the degree of mechanical engineer in elec- 
trical engineering. Since 1891 he has been 
continuously with the Westinghouse com- 
pany. His early work consisted chiefly in 
designing d-c generators and motors. Be- 
tween 1904 and 1912 he was in charge of 
the railway department, and between 1912 
and 1925 was general engineer assigned to 
special railway problems. Since 1925 he 
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has been consulting railway engineer, and 
has had a large part in the design of equip- 
ment for the railway, tunnel, and subway 
electrification carried on by the company. 
A total of 79 patents has been granted him. 
He has served the Institute on many of its 
committees, being at present a member of 
the standards and transportation com- 
mittees. He is a member of The American 
Society of Mechanical Engineers, and of the 
Engineers’ Club of New York. 


G. H. CLaMErR (M’20) president and gen- 
eral manager of the Ajax Metal Company, 
Philadelphia, Pa., and who for approximately 
40 years has been associated with the ad- 
vancement of metal casting, has been 
awarded the Joseph F. Seaman gold medal 
by the American Foundrymen’s Associa- 
tion for outstanding achievements in that 
field. The honorary degree of doctor of 
science also was conferred upon him recently 
by Ursinus College, Collegeville, Pa., be- 
cause of his position and achievements in the 
scientific fields. He is a past-president of 
the American Institute of Metals and the 
American Foundrymen’s Association, a 
member of the board of managers of the 
Franklin Institute, charter member of the 
American Electrochemical Society, and a 
member of other technical organizations. 
In addition to his affiliation with the Ajax 
Metal Company, he is also president and 
general manager of the Ajax Electric Fur- 
nace Corporation, Ajax Electrothermic 
Corporation, and Ajax Electric Company, 
Inc. 


D. W. Roper (A’93, F’14, and Member 
for Life) formerly superintendent of the 
street department of the Commonwealth 
Edison Company, Chicago, Ill., has been 
transferred to the engineering department 
of the company and appointed assistant 
electrical engineer. The personnel and 
activities of the technical division of the 
street department have been transferred 
to the engineering department and will be 
designated the research division. In his 
new capacity, Mr. Roper will continue to 
direct the cable research and related work 
formerly carried on by the technical division 
of the street department. 


L. K. Comstock (A’93, F’12, and Member 
for Life) chairman of the board of directors, 
L. K. Comstock & Company, Inc., elec- 
trical contractors, New York; N. Y., was 
recently elected president of The Mer- 
chants Association of New York. Mr. 
Comstock has been vice-president of the 
association since 1928. He was at one time 
superintendent of construction for the 
Western. Electric Company, and later as- 
sociated with the George A. Fuller Company 
of New York, before establishing his own 
firm in 1904. 


A. O. AustTIN (A’04, F’25) formerly general 
manager, chief engineer, and vice-president 
of the Ohio Insulator Company, division 
of the Ohio Brass Company, Mansfield, 
Ohio, is to establish a practice of consulting 
engineering with headquarters at Barber- 
ton, Ohio. He intends to specialize in 
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engineering work in connection with trans- 
mission and distribution of electrical energy 
for power and radio purposes. Among the 
firms which he will serve as consulting engi- 
neer is the Ohio Brass Company. 


H. A. Srantey (A’08, M’19) formerly 
vice-president and general manager of the 
Fall River (Mass.) Electric Light Company, 
and more recently connected with the elec- 
trical engineering department of the Narra- 
gansett Electric Company, Providence, 
R. I., and the New England Power Engi- 
neering and Service Corporation, Boston, 
Mass., has joined the organization of the 
Berkshire Fine Spinning Associates, with 
headquarters at Fall River. Mr. Stanley’s 
title is plant engineer. 


W. A. Nauparn (A’23) formerly meter 
departments supervisor of the Montreal 
Engineering Company, Ltd., Montreal, 
Quebec, Canada, for companies controlled 
by the International Power Company, Inc., 
has recently organized a firm under the 
name of Naudain and Company, and estab- 
lished an office at New York, N. Y., where 
the company is acting as manufacturers’ 
export agents for a number of American 
manufacturers of electrical instruments and 
other engineering equipment. 


H. C. Curtis (A’26) formerly an electrical 
engineer in the research department of the 
Allen-Bradley Company, Milwaukee, Wis., 
has organized the Curtis Development Com- 
pany, Milwaukee, the duties of which will 
be primarily to develop new ideas. The 
company is set up to take ideas in their 
fundamental forms and develop them into 
salable products economically. The scope 
of the business consists of consulting, design- 
ing, developing, and manufacturing. 


WitiramM A. SmituH (A’23) formerly as- 
sistant chief engineer of the Ohio Insulator 
Company, Barberton, Ohio, has been ap- 
pointed chief engineer of the company, suc- 
ceeding A. O. Austin (F’25). Mr. Smith 
has been active in the industry since joining 
Westinghouse, Church, Kerr upon his 
graduation in 1902. 


A. P. THoms (A’16, F’26) formerly first 
assistant superintendent of the street de- 
partment of the Commonwealth Edison 
Company, Chicago, Ill., has been appointed 
superintendent of the department to fill 
the vacancy caused by the transfer of D. W. 
Roper (F’14) to the engineering depart- 
ment. 


C. S. Cassipy (A’30) formerly assistant 
engineer, Johnson and Fletcher, Ltd., 
Bulawayo, Southern Rhodesia, Africa, and 
more recently with the Victoria Falls Power 
Company, Cleveland, South Africa, is now 
electrical assistant to G. H. Langler & 
Company, Ltd., Johannesburg, Transvaal, 
South Africa. 


5S. N. Avexanper (Enrolled Student) 
Oklahoma City, Okla., has been awarded a 
fellowship at Massachusetts Institute of 
Technology for the academic year 1933-34, 
the award having been made by the Charles 


A. Coffin Foundation, established by the 
General Electric Company. 


G. M. C. Pracock (A’31) formerly with 
the Metropolitan-Vickers Electrical Com- 
pany, Trafford Park, Manchester, England, 
has recently been appointed publicity engi- 
neer to the Hackbridge Electric Construc- 
tion Company, Ltd., Hersham, Walton-on- 
Thames, Surrey, England. 


Wa ter C. SmitH (A’07, M’26) district 
engineer for the General Electric Company, 
San Francisco, Calif., was elected chairman 
for 1933-34 of the Institute’s San Francisco 
Section, in the balloting which took place in 
April 1933. Mr. Smith served the past 
year as vice-chairman of the Section. 


HERMAN HALPERIN (A’21, M’26) for- 
merly head engineer of the technical division 
of the street department of the Common- 
wealth Edison Company, Chicago, Ill, has 
been appointed cable research engineer in 
the engineering department of the company. 


E. M. Wricut (A’20, M’31) assistant 
engineer, division of hydroelectric and trans- 
mission engineering, Pacific Gas and Elec- 
tric Company, San Francisco, Calif., was 
elected secretary of the Institute’s San 
Francisco Section for the year 1933-34. 


STANLEY Rapp (A’21) engineer, the Pa- 
cific Telephone and Telegraph Company, 
San Francisco, Calif., was elected a member 
of the executive committee of the Insti- 
tute’s San Francisco Section for the year 
1933-34. 


Purtiep Nupp (A’32) Hampton, N. H., 
has received a fellowship for 1933-34 from 
the Charles A. Coffin Foundation, the work 
to be carried on in Massachusetts Institute 
of Technology. 


J. E. Hopson (Enrolled Student) Mar- 
shall, Ind., has received a fellowship for 
1933-384 to California Institute of Tech- 
nology, the award having been made by the 
Charles A. Coffin Foundation. 


C. I. BRapForRD (Enrolled Student) New- 
port, N. J., has received a fellowship from 
the Charles A. Coffin Foundation for the 
year 1933-34, the work to be carried on at 
Ohio State University. 


W. J. WarREN (Enrolled Student) Ar- 
cata, Calif., has received a fellowship for 
1933-34 from the Charles A. Coffin Founda- 
tion. The work will be carried on at the 
University of Illinois. 


A. M. Bounert (A’12, M’26) district 
engineer, Ohio Brass Company, San Fran- 
cisco, Calif., was elected vice-chairman of 
the Institute’s San Francisco Section for the 
year 1933-34. 


W. A. HILLEBRAND (A’08, M’13) profes- 
sor of electrical engineering, University of 
California, Berkeley, was elected a member 
of the executive committee of the Institute’s 
San Francisco Section for the year 1933-34. 
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G. H. Hacar (A’20, M’26) Pacific Gas 
and Electric Company, San Francisco, 
Calif., was elected a member of the execu- 
tive committee of the Institute’s San Fran- 
cisco Section for the year 1933-384. 


L. J. Moore (A’15, M’31) executive engi- 
neer, San Joaquin Light and Power Corp., 
Fresno, Calif., was elected a member of the 
executive committee of the Institute’s San 
Francisco Section for the year 1933-34. 


Obituary 


Henry H. CurLer (A’03, M’28) retired 
manufacturer of electrical apparatus and 
founder of the Cutler-Hammer Manufactur- 
ing Company, died in Miami, Fla., May 20, 
1933. He was born in Brookline, Mass., in 
1858, and graduated in mechanical engi- 
neering from Massachusetts Institute of 
Technology in 1881. For a year following 
1884 he was on the student course of the 
Thomson-Houston Electric Company at 
Lynn, Mass., and for 2 years following 1885 
was general manager of the Citizens Electric 
Light and Power Company at Akron, Ohio. 
For 2 years following 1887, he held a similar 
position with the Newton Electric Light 
and Power Company of Newton, Mass., and 
for 2 years following 1889 was manager of 
the electrical department of the Newton 
and Watertown Gas Light Company. 
After being a manufacturer of electrical 
street fixtures for 2 years, he organized the 
Cutler-Hammer Manufacturing Company 
of Chicago, IIl., in 1893, for the manufacture 
of electric motor controlling devices. Mr. 
Cutler served as treasurer of the company 
until 1896, president until 1898, and upon 
the reorganization of the company in Mil- 
waukee in the latter year, became general 
manager and chief engineer, holding this 
position until 1908 when he became vice- 
president. He held this position until 1917 
when he retired from all business activity. 
Mr. Cutler had more than 90 patents in 
electrical control equipment. 


Norman McDonaLp CRAWFORD (A’03) 
president of the Sandusky Bay Bridge Com- 
pany, New York, N.Y., died May 2, 1933. 
He was born in Philadelphia, Pa., in 1859. 
Between 1877 and 1898 he was in the motive 
power department of the Pennsylvania 
Railroad at Altoona, Pa., during which time 
he served the first 4 years as an indentured 
apprentice. Between 1899 and 1900 he 
was superintendent of the Meriden Electric 
Railway Company, Conn., and in 1900 be- 
came manager of the Rochester Railway 
Company, Rochester, N. Y., installing the 
Short system, and in full charge of engineer- 
ing. In 1901 he was engineer for the Jersey 
City and Bergen Railroad Company, and 
also engaged in engineering for the Hart- 
ford (Conn.) Street Railway Company. 
From 1901 to 1906 he was engineer and gen- 
eral manager for the Hartford Street Rail- 
way Company. In 1906 he was consulting 
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engineer for the New York, New Haven 
and Hartford Railway Company, and the 
following year was tramway expert for a 
railroad in Great Britain. In 1909 he was 
vice-president and general manager of the 
Ohio Electric Railway Company, and in 
1912, president of the Mahoning and She- 
nago Railway Light and Power Company 
in Ohio. In 1916, he was president of the 
Reading Transit and Light Company, and 
was then vice-president of the Columbus 
(Ohio) Railway Power and Light Company 
for several years. 


HERMAN THEODORE Hauser (A’32) jun- 
ior engineer, City of San Francisco, Moc- 
casin power house, Moccasin, Calif., died 
recently. He was born in 1908 in San 
Francisco, and received his education at the 
University of California, receiving the de- 
gree of B.S. in E.E. 1931. During the sum- 
mers of 1928 and 1929, he secured experi- 
ence of an engineering nature, and during 
the summers of 1930 and 1931, was respon- 


sible for the operation of 100,000 hp of hy- 
draulic machinery of the Pelton impulse 
type in the Moccasin power house. Since 
graduation in 1931 he has been junior engi- 
neer with the city of San Francisco in con- 
nection with the Hetch-Hetchy water sup- 
ply. He was a member of The American 
Society of Mechanical Engineers. 


Leon H. FRANK (A’15) vice-president and 
general sales manager, Bull Dog Electric 
Products Company, Detroit, Mich., died 
May 28, 1933. He was born at Wheeling, 
W. Va., in 1877. He gained his first electri- 
cal experience in 1903 in the construction of 
telephone lines in California, and in 1905 
took a position as salesman traveling Ohio, 
West Virginia, and Pennsylvania. In 1906, 
he joined the organization of the Mutual 
Electric Machine Company of Wheeling, 
W. Va., becoming sales manager of that 
company in 1914, subsequently joining the 
organization of the Bull Dog Electric 
Products Company. 


Local Meetings 


Past 
Section Meetings 


Baltimore 


TELEMETERING IN LARGE POWER SraTIONs, by 
M. K. Goldstein; A MetTHoD oF ANALYZING 
GovERNOR PERFORMANCE USING THE OSCILLO- 
GRAPH FOR RECORDING Data, by J. E. Allen, 
Penn. Water and Pwr. Co.; MoperRn DEVELOP- 
MENTS IN PRECISION Time KEEPERS, by J. M. 
Kopper, 3rd, student, Johns Hopkins Univ. Prizes 
of $25, $15, and $10 were awarded for the presenta- 


tion of these papers. May 19. Att. 70. 
Boston 

Annual meeting and entertainment. Election 
of officers: Prof. W. H. Timbie, chmn.; G. J. 
Crowdes, vice-chmn.; J. M. Murray, secy.-treas. 
May 9. Att. 220. 
Chicago 


Ture COMMUNICATION EXHIBIT AT THE CENTURY 
oF PROGRESS, by John Mills, Bell Tel. Labs., Inc. 
Election of officers: E. C. Williams, chmn.; D. L. 
Smith, vice-chmn.; F. A. Rogers, secy.-treas. 
May 15. Att. 135. 


Cincinnati 

MEASUREMENT OF MopuLaTIoNn, by E. C. 
Ebeling; DesiGN oF SHORT WAVE RECEIVERS, by 
R. J. Kemper; Neon TUBE OrGAN, by W. E. 
Kock; LIGHTNING PROTECTION FOR DISTRIBUTION 
TRANSFORMERS, by W. R. Myers; A New A (Ss 
Contractor DxEsicn, by A. J. Sacksteder; A RE- 
CorDING TorRQUE MerteR, by C. C. Libby; A 
Srupy OF THE INVERTER, by Ruben Nathan, stu- 


dents. Joint meeting with Univ. of Cincinnati 
Branch. Election of officers: L. C. Nowland, 
chmn.; M. S. Schneider, secy.-treas. May ll. 
Att. 70. 


Cleveland 

Tue ErFrect OF QUALITY AND INTENSITY OF 
ARTIFICIAL LIGHT UPON SEEING, by J. R. Ander- 
son, L. B. Moore, J. M. Sigler, and H. A. Green, 
presented by L. B. Moore; IMPEDANCE CHARACTER- 
istics oF ROCHELLE Sat, by W. J. Lattin, stu- 


dents. Joint meeting with Case Sch. of Ap. Se. 
Branch. April 20. Att. 150. 
Election of officers: R. C. Putnam, chmn.; 


C. A. Harrington, secy.-treas. PROGRESS THROUGH 


RESEARCH AND ENGINEERING, by H. P. Charles- 
worth, pres., A.I.E.E., asst. chief engr., A. T. & T. 
Co. May 18. Att: 102. 


Columbus 


ELECTRONS AT WORK AND AT Pray, by Phillips 
Thomas, Westinghouse Elec. & Mfg. Co. Election 


of officers: H. L. Willson, chmn.; A. G. Gibbony, 
vice-chmn.; J. A. Dawson, secy.; E. E. Dreese, 
asst. secy. May 19. Att. 250. 

Dallas 


GOVERNMENT IN BUSINESS, by Nathan Adams, 
First National Bank. Election of officers: D. H. 
Levy, Chmn.; E. T. Gunther, secy.-treas. May 15. 
Att. 108. 


Detroit-Ann Arbor 
ADVANCES IN LIGHTING, by Prof. H. H. Higbee, 


Univ. of Mich. May 16. Att. 150. 
Houston 

Current Economic TREND, by L. M. Sharrar. 
Election of officers: J. S. Waters, chmn.; J. B. 
Burr, secy. May 24. Att. 32. 
Ithaca 

Election of officers: Prof. B. K. Northrop, 


Prof. L. A. Burckmyer, secy.-treas. An- 


June 2. Att. 11. 


chmn.; 
nual dinner meeting. 


Lehigh Valley 


MopeRN INDUSTRIAL SCIENCE, by Dean Dexter 


S. Kimball, Cornell Univ. Election of officers: 
N. S. Hibshman, chmn.; W. A. Skinner, secy. 
May 19. Att. 120. 

Los Angeles 


VIBRATION STUDIES OF HypDRO-ELECTRIC UNITS, 
by J. C. Gaylord, Southern Calif. Edison Co.; 
THEORIES OF EARTHQUAKES, by M. M. Galbraith, 
Bureau of Pwr. & Lt.; EARTHQUAKE DAMAGE AND 
RESTORATION AT SEAL BEACH GENERATING STA- 
TION, by J. G. Rollow, Los Angeles Gas & Elec. 


Co. Dinner. Election of officers: A. P. Hill, 
chmn.; Fred Garrison, secy. May 9. Att. 137. 
Louisville 


ALGONQUIN SUBSTATION AND ITS PLACE IN THE 
LouIsvILLE Gas & ELEcrric CoMPANY’S SYSTEM, 
by E. D. Wood, Louisville Gas & Elec. Co. April 
21. Att. 145. 


Election of officers: S. T. Fife, chmn.; W. H. 
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Mansfield, secy.-treas. Entertainment. May 26. 


Att. 74. 


Madison 

SIMPLIFIED SPEED CONTROL FOR SINGLE PHASE 
Locomorives, by W. Giger, Allis-Chalmers Mfg. 
Co. May 24. Att. 40. 


Memphis 

D. J. Conant, Layne & Bowler, Inc., gave a talk 
on the various features concerning the design of deep 
well pumps. May 16. Att. 42. 


Mexico 

Tue ELECTRONIC VALVE, Its PRESENT AND 
FurureE AppLicaTIons, by W. A. Schulenburg, 
mgr., A.E.G. Dr. M. S. Vallarta, instructor, 
M.1.T., described his studies on the cosmic rays. 
May 25. Att. 57. 


Montana 


Tue Non-METALLIC RESOURCES OF THE STATE 
or Montana, by F. A. Thomson, Montana Sch. of 


Mines. May 25. Att. 67. 
Election of officers: J. A. Thaler, chmn.; H. 
Dale Cline, secy.-treas. May 25. Att. 10. 


Niagara Frontier 

BouLDER CANYON—HooveER DAM _ DEVELOP- 
MENT, by W. H. Rogers, Westinghouse Elec. & 
Mfg. Co. May 19. Att. 80. 
Philadelphia 


MopgERN TRENDS IN ELECTRICAL MEASURE- 
MENTS, by I. Melville Stein, Leeds & Northrup Co. 


Election of officers: P. S. Harkins, chmn.; E. C. 
Drew, treas.; J. L. MacBurney, secy. May 8. 
Att. 150. 
Portland 


A UNIVERSAL MEASURING INSTRUMENT FOR 
COMMUNICATION CrRCUITS, by T. B. Wagner; 
Tue Errect or LEAD LENGTH ON IMPULSE VOLT- 
AGE MEASUREMENTS, by G. Manke and R. J. 


Mather, students. Joint meeting with Oregon 
State Col. Branch. Election of officers: V. B. 
Wilfley, chmn.; W. Brenton, secy.-treas. May 20. 


Att. 57, 


Rochester 


Economics or A Gas Suppry To A ComMMUuUNITY, 
by A. M. Beebe, Rochester Gas & Elec. Corp. 


Election of officers: E. G. Eidam, chmn.; L. R. 
Gillespie, vice-chmn.; Wm. F. Young, secy.- 
treas. May 18. Att. 50. 

St. Louis 


Tue WESTON PHOTRONIC CELL, by J. C. Leben, 
Jr., student, Washington Univ.; BrHAVIOR OF 
Low Pass FILTERS WitH TERMINATIONS OTHER 
THAN CHARACTERISTIC IMPEDANCE, by L. W. 
Buell, student, Univ. of Missouri. Joint meeting 
with Washington Univ. and Univ. of Missouri 
Branches. May 17. Att. 140. 


San Francisco 


CALIFORNIA EARTHQUAKES, by Prof. P. Byerly, 
Univ. of Calif.; Lessons In BuILpING DESIGN 
DRAWN FROM THE RECENT SOUTHERN CALIFORNIA 
EARTHQUAKE, by Prof. R. E. Davis, Univ. of Calif.; 
J. G. Rollow, Los Angeles Gas & Elec. Corp., de- 
scribed the damage to their Seal Beach Steam Plant. 
May 26. Att. 135. 


Sharon 


ELECTRIFICATION OF THE PENNSYLVANIA RAIL- 
ROAD BETWEEN NEW YORK AND PHILADELPHIA, 
by J. V. B. Duer, Penn. R.R. May 9. Att. 199. 


Spokane 
Joint meeting with Washington State College 
and Univ. of Idaho Branches. May 19. Att. 50. 
Election of officers: W. Morgan Allen, chmn.; 
C. E. Cannon, secy. May 26. 


Springfield 


MoperN IpEAS CONCERNING MAGNETISM, by 
Prof. S. R. Williams, Amherst College. May 8. 
Att. 61. 


Toledo 

Executive Committee meeting. May 10. Att. 
10. 

Election of officers: E. H. Howell, chmn.; 
W. M. Campbell, secy.-treas. May 24. Att. 47. 


Utah 

A Srroposcoric DevicE FOR MEASURING Ro- 
TARY Morion, by W. S. Nishiyama; Mrasure- 
MENT OF AMPLIFIER DISTORTION, by R. C. Brown, 


students. Joint meeting with Univ. of Utah 
Branch. Election of officers: E. L. Morris, 
chmn.; W. M. Scott, secy. May 22. Att. 45. 
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Worcester 


PHANATRON RECTIFICATION, by P. W. Currier, 
Genl. Elec. Co. May 23. Att. 20. 


Past 
Branch Meetings 


Alabama Polytechnic Institute 
May 11. Att. 20. 


University of Arizona 


Mine ELECTRIFICATION PROBLEMS, by E. W. 
Fredell, United Verde Co. April 6. Att. 12. 
Business meeting. April 27. Att. 5. 


Discussion. 


University of Arkansas 


CONVERTERS, by Russell Stone; Srare LINE 
PLant, Curcaco, by H. H. Lewis; TRANSPORTA- 
TION TO AND From Curcaco, by H. Mayhan; 
Points OF INTEREST IN CHICAGO, by R. Boyd, 
students. May 8. Att. 26. 


Armour Institute of Technology 


RapiuM, AND Its USES, by J. W. Juvinall, stu- 
dent. May 5. Att. 25. 


Polytechnic Institute of Brooklyn 


REPRODUCTION OF ORCHESTRAL Music In AuDI- 
TORY PERSPECTIVE, by Henry Vaiden; USE oF 
EvLecrric DRIVEN PUMPS IN PIPE LINES, by R. 
Hampshire; EmprricaL EQUATIONS FOR THE MAG- 
NETIZATION CuRVE, by B. Lippmann, students. 
Election of officers: H. Vaiden, pres.; R. Hamp- 
shire, vice-pres.; B. Hegel, treas.; C. L’ Allemand, 
secy. May 24. Att. 31. 


California Institute of Technology 


ELECTRICAL ENGINEERING IN GERMANY, by 
J. G. Pleasants, student. Election of officers: 
W. A. Morgan, chmn.; F. Hebel, vice-chmn.; F. J. 
McClain, secy.-treas. May 24. Att. 25. 


Carnegie Institute of Technology 
THe APPLICATION OF VACUUM TUBES TO THE 


-ConTROL oF INDUSTRIAL Morors, by J. H. Bel- 


knap, Westinghouse Elec. & Mfg. Co. 
Att. 40. 


May 24. 


Clemson Agricultural College 


Election of officers: R. J. Green, chmn.; H. B. 
Shores, vice-chmn.; D. E. Penney, secy. May 20. 
Att. 63. 

Colorado Agricultural College 
Cosmic Rays, by C. Shields, student. May 8; 


Att. 8. 
Election of officers: Carl Schock, pres.; H. 
Kahm, vice-pres. May 11. Att. 12. 


University of Detroit 


Election of officers: 
Wm. Milby, 
Irving Gold, treas. 


Lawrence Bossman, chmn.; 
vice-pres.; Wm. Adamek, secy.; 
May 24. Att. 21. 
Duke University 

Election of officers: H. W. Atkinson, chmn.; 
W. Wonsidler, vice-chmn.; R. H. Cline, secy. 
University of Florida 


Elec. of officers: K.S. Rizk, chmn.; S. B. War- 


ing, vice-chmn.; V. B. Nolan, secy.-treas. May 9. 
Att. 20. 
Georgia School of Technology 

Election of officers: T. R. Shockley, chmn.; 


T. J. Seigler, Jr., vice-chmn.; J. C. Thomeson, 
Jr., secy.-treas. May 16. Att. 26. 


University of Idaho 


ECONOMICS OF WIRING, by H. B. Tinling, Tinling 
& Powell; SymMMerTRIcAL COMPONENTS, by Mr. 
Lyle; TaLtK AND DEMONSTRATION OF ULTRA 
SHort Wave Rapio, by Messrs. Sullivan and’ Mc- 
Birney. Joint meeting with Spokane Sec. and 
Wash. State Col. Branch. May 18. Att. 65. 

Election of officers: F. H. Koch, pres.; B. Clag- 
gett, vice-pres.; Art Dahl, secy.-treas. May 24. 
Att. 37 


University of Illinois 

Election of officers: H.S. Shott, chmn.; W. A. 
Knight, vice-chmn. May 22. Att. 11. 
University of Iowa 


CeNTRAL Station Economics, by W. H. Klei- 
man, Moline Pwr. Co. May 3. Att. 32. 
VacuuM TUBES IN A WIDER FIELD, by R. J. 


Sampson and L. R. Baschnagel, students. May 10. 
Att. 31. 
Film—“‘‘Principles of Electrostatics.’”” May 17. 


Att. 32. 


Kansas State College 


PATENTS AND INVENTIONS, by Prof. R. G. Kloef- 
fler, counselor. April20. Att. 80. 

Joint meeting with Univ. of Kansas Branch. 
Papers and entertainment by students. May 4. 
Att. 120. 


Lehigh University 


ELEcrric TRANSMISSION AND DISTRIBUTION, by 
H. L. Kneisly, W. S. Barstow Co.; CoNnsTRUCTION 
AND FUNCTIONING OF THE CONTINUOUS INTEGRAPH, 
by A. Cottrell, student. Election of officers: 
W. W. Kinsinger, pres.;* D. C. Bomberger, vice- 
pres.; K. L. Honeyman, secy.; A. W. Lubbers, 
treas. May 11. Att. 35. 


University of Louisville 


Election of officers: 
Mr. Craig, vice-chmn.; 
May ll. Att. 13. 


Michigan State College 


ZINC AND LEAD Mines oF Kansas, by J. S. 
Schewich, student. Election of officers: J. A. 
Rankin, chmn.; G. J. TeWinkle, vice-chmn.; W. A. 
Doidge, secy.-treas. May 11. Att. 25. 

Inspection trip to the new bank building in Lans- 
ing. May 15. Att. 15. 


W. B. Watkins, chmn.; 
J. House, secy.-treas. 


University of Michigan 


Election of officers: 
J. F. Crouter, vice-chmn.; 
G. C. Morris, treas. May 18. 


University of Minnesota 


Inspection trip through the Western Union Tele- 
graph Co. May 15. Att. 20. 

Election of officers: I.S. Pearson, chmn.; R. W. 
Qualley, vice-chmn.; Wm. T. Hartman, secy.- 
treas. May 26. Att. 32. 


Mississippi State College 

Election of officers: F.G. Marble, chmn.; P. L. 
Hughes, vice-chmn. May 18. Att. 29. 
University of Missouri 


Election of officers: 
Dean Harvey, secy.-treas. 


W. H. Powers, chmn.; 
A. S. Bassette, secy.; 
Att. 42. 


Howard Goldrich, chmn.; 
May 31. Att. 31. 


Montana State College 


Tue BATTLE OF THE ALCHEMISTS, by L. K. Am- 
brose; ELECTRICAL EQUIPMENT FOR SANTA FE 900- 
Hp Ratt Car, by H. R. Archibald; Vacuum Tuse 


CONSTRUCTION, by R. V. Bauer, students. May 
1A Atty 50: 
Election of officers: F. B. Liquin, Chmn.; 


J. A. White, vice-chmn.; D. C. Shevalier, secy.- 
treas. Cosmic Rays—Wuar Puysicists Have 
LEARNED ABOUT THEM, by C. L. Grebe; ELsc- 
TRONIC DEVICES FOR INDUSTRIAL CONTROL, by 
R. Wyman, students. May 18. Att. 49. 

Picnic. May 25. Att. 31. 

THE RANGE FINDER, by D. A. Nauck; ELEcTRO- 
STATIC PRECIPITATION, by C. Schmitz; Equip- 
MENT FOR ELECTRICAL PRECIPITATION, by O. 
Johnston; Rapio TELEPHONE FOR HARBOR CRAFT, 
by B. Roberts, students. May 25. Att. 46. 

PROTECTION OF LIFE AND PROPERTY AGAINST 
LIGHTNING, by J. W. Cromer; First ALL WELDED 
PENSTOCK COMPLETED, by L. A. Eisele; TELE- 
VISION THESIS, by T. Degenhart and J. G. Light- 
foot; Pusiic Urititigs, by J. M. Joyce; Rapio 
AND Acoustics, by T. Degenhart, students. June 
1. Att. 44. 


Newark College of Engineering 


EXPERIENCES AS A CONSULTING ENGINEER, 


by J. G. Berger. Election of officers: A. E. Day, 
pres.; H. J. Young, vice-pres.; S. C. Greidanus, 
treas. May 15. Att. 24. 


University of New Hampshire 


FLASHOVER TESTS ON 26 Kv WooDEN POLEs, by 
A. E. Dogan; ELECTRONIC CONTROL, by J. R. 
Jarest, students. May 6. Att. 21. 

Test AND TESTING MeErTHops, by T. Morong, 


student. May 27. Att. 31. 
University of New Mexico 

Electrical show. May 2. Att. 81. 
New York University 

Discussion. May 5. Att. 20. 


Cosmic Rays, by John Lieb; MuscLe SHoats, 
by O. Heister; Merrer Testinc, by E. Och; 
POWER PLANTS IN LARGE HOTELS, by W. Ramsey, 
students. May 19. Att. 21. 


North Carolina State College 
Tue TENNESSEB VALLEY ELECTRIFICATION PROJ- 
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; 


rect, by J. Bolen, student. Short talks by C. M. 
Smith, L. G. Atkinson, J. F. Abernathy, students. 
May 16. Att. 42. 


University of North Carolina 


Tue SHOSHONE IRRIGATION DEVELOPMENT, by 
R. T. Burnett; THe Earty History or THE IN- 
CANDESCENT LAMP, by W. G. Miller; THE Ap- 


— PLICATION OF RELAYS TO TRANSMISSION AND DIS- 


TRIBUTION CrRcuiTs, by J. E. Hunter, students. 
Election of officers: C. M. Garrison, pres.; J. P. 
Irvin, vice-pres.; S. H. Usry, secy.; H. F. Stewart, 
treas. May 2. Att. 30. 


North Dakota State College 


Election of officers: V. Buck, pres.; K. Hansen, 


vice-pres.; O. Woodward, secy.-treas. May 18. 
Att. 9. 
University of Notre Dame 

Seniors, by Michael Leding, student. Election 
of officers: Wm. Fromm, chmn.; M. Saleh, vice- 
chmn.; John Land, secy.; C. Mueller, treas. 


May 10. Att. 43. 
Avup1sBLeE Licut, by J. B. Taylor, Genl. Elec. 
Co. May 16. Att. 550. 


x Oklahoma A. & M. College 


MoperNn HicH QuaALiry WELDING, by G. Ray- 
mond, Am. Tank & Equip. Co. April 24. Att. 70. 


University of Oklahoma 


Tyrer 11 WesTeRN ELecrric MAanuaL SwItcu- 
ING EguipmMent, by G. H. Humphreys, student. 
Election of officers: E. F. McMullin, pres.; Ray 
Pool, vice-pres.; J. E. Graham, secy.-treas. May 
ft Att. 207 

Mercury Arc RECTIFIERS: THEIR USE IN 
Conjuncrion WirH COoMMUTATORLESS Morors, 
by J. Hollis, Okla. A. & M. Col.; An Exvecrric 
Timer, by A. Challener, Univ. of Okla.; SuRcE 
Proor DISTRIBUTION TRANSFORMERS, by J. R. 
Jones, Okla. A. & M. Col.; Five Merer FIELD 
INTENSITY MEASUREMENTS, by Bryan Cole, Univ. 
of Okla.; THe ENGINEERS SIGN aT NORMAN, by 
John Bender, Univ. of Okla.; FINDINGS OF GRADU- 
ATE RESEARCH ON RuRAL LINE DESIGN INVESTIGA- 
TIONS, by B. E. Lowe, Okla. A. & M. Col. Joint 
meeting of Univ. of Okla. and Okla. A. & M. Col. 
Branches. May 19. Att. 100. 


Oregon State College 


Tus Hoxipinc Company SiruaTion, by 8S. E. 
Skelley, Pacific Pwr. & Lt. Co. May 4. Att. 56. 

Election of officers: E. J. Harrington, pres.; 
R. Gallagher, vice-pres; K. M. Klein, secy.; 
R. H. Thielemann, treas. May 5. 

A UNIVERSAL MEASURING INSTRUMENT FOR 
ComMuNICATION Crrcuitrs, by T. Wagner; THE 
EFFECT OF THE LEAD LENGTH ON IMPULSE VOLTAGE 
MEASUREMENTS, by G. Manke and John Mather, 
students. Joint meeting with Portland Sec. May 
20. Att. 65. 


Pennsylvania State College 


Inspection trip through the power plant of the 
Pennsylvania State College and the substation of 
the West Penn. Pwr. Co. May 20. Att. 17. 


University of Pennsylvania 


Election of officers: R. L. Reitinger, chmn.; 
C. T. Gohn, vice-chmn.; J. A. Osterlund, secy.; 
F. P. Caporale, treas. May 9. Att. 11. 


Pratt Institute 


Sixth annual convention under the auspices of 
the Wohler Chemical Society, A.S.M.E., and 
A.I.E.E. Branches, at which several papers were 
presented by students. Guest speakers A. A. 
Adler, consulting mechanical engr. and J. Ni ING 
Dorr, pres., A.I.Ch.E. April 19. Att. 520. 

Tur SALINITY Process, by W. E. Brown, stu- 
dent; THE OLp AND NEW PROCESSES OF MAKING 
Sounp, by J. S. Keeler, student. Election of 
officers: P. C. Krumm, chmn.; C. K. Cunning- 
ham, vice-chmn.; J. H. O’Brien, secy.; isk, aS) 
Kelly, treas. May 8. Att. 45. 


Rhode Island State College 

Election of officers: A. E. Kent, pres.; G. 
Durfee, vice-pres.; F. Walton Perry, secy.-treas. 
May 8. Att. 10. 


Rutgers University 


THE INTERCONNECTION OF POWER SysTEMS, by 
L. F. Gehlhaus, student. Election of officers: 
L. M. Leeds, pres.; R. W. Davis, secy.-treas. 
May 16. Att. 21. 


University of Porto Rico 


Election of officers: R. P. Valls, chmn.; H. 
Sanchez, vice-chmn.; J. E. Bengea, secy.; Re 
Morales, treas. May 8. Att. 24. 
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University of South Carolina 


Licur, by Roy Palmer, Southern Utilities. May 
8. Att. 168. 
ILLUMINATION, by E. L. Willis; A Ssaorr Hrs- 


TORY OF LicuT, by D. C. Wilson; Tuincs THat 
Evecrriciry Have Mabe PossrsLe, by G. W. 
Arranta, students. THe ENGINEER'S Duty TO 
THE PUBLIC AND TO HIMSELF, by Prof. T. F. Ball, 


counselor. May 22. Att. 30. 
South Dakota State School of Mines 

George Welch elected chairman. May 17. 
Att. 31. 


University of South Dakota 


Election of officers: Edwin Nelson, chmn.; 
Raymond Johnson, vice-chmn.; Kenneth Peterson, 
secy.-treas. May 24. Att. 10. 


Southern Methodist University 


Election of officers: J. Bowles, chmn.; R. L. 
Allen, vice-chmn.; N. Blankenship, secy.-treas. 
May 26. Att. 17. 


Syracuse University 


Sysrems or SPEED CONTROL REQUIRING AUXIL- 
IARY COMMUTATING MACHINES, by C. P. Bower; 
TRANSIL Or, by J. S. Brzostek; ReceENT HypRo- 
ELECTRIC DEVELOPMENTS, by A. H. Carley, stu- 
dents. May 9. Att. 23. 

Tue Errecr oF ELECTRICITY ON THE HUMAN 
Bopy, by H. Kelso; COMMUNICATION OVER A 
MopvuLtaTED LicHt Bram, by C. M. Crysler; 
ConpUCTION OF ELECTRONS THROUGH SPACE, by 
A. Adams, students. May 17. Att. 21. 


Texas A. & M. College 


Prof. N. F. Rode nominated counselor. 
Att. 50. 


Texas Technological College 


Inspection trip through the Tuco power plant 
of the Texas Utilities Co. Aprill. Att. 72. 

PROPERTIES AND ORGANIZATION OF THE ANA 
conpA Copper Co., by John L. King, student. 
Election of officers: W. Gray, chmn.; N. David- 
son, vice-chmn.; W. Kelton, secy.-treas. May 2. 
Att. 11. 


May 24. 


Inspection trip through the Bell Telephone Co. 
May 16. Att. 22. 


University of Utah 


Election of officers: B. J. Greulich, chmn.; 


W. Stuart, vice-chmn.; H. F. Greene, secy. 
May 16. Att. 24. 

Tur Srroposcorg, by W. S. Nishiyama, student; 
Fitters, by R. C. Brown, student. May 22. 
Att. 28. 

University of Vermont 

Cosmre Rays, by G. P. Osgood, student. Elec- 

tion of officers: G. W. Patterson, chmn.; D. C. 


Whitney, vice-chmn.; 
May 8. Att. 14. 


Virginia Polytechnic Institute 


J. C. Arnold, secy.-treas. 


Tue OBERHASLI HYDROELECTRIC DEVELOP- 
MBNT, by E. F. Farley; ELrecrRricaL CURIOSITIES, 
by J. E. Hamm; Crrcuir BREAKER CoNnTACTS AND 
Arc Extinction, by E. W. Whitmer, students. 
Election of officers: M. D. Lockwood, chmn.; 
S. L. Butler, vice-chmn.; L. S. Bell, secy. May 
Ti Atta 2 ce 

MAKING RUBBER BY ELecrriciry, by E. W. 
Seay; TRANSOCEANIC RapIo COMMUNICATION, 
by H. E. Naylor; OPENING MINE Doors By PHOTO- 
ELECTRIC CELLS, by J. P. Gills, students. May 18. 
Att. 27. 


University of Virginia 
Ture Curcaco Wortp’s Fair, by J. L. Stipe; 


Evits OF AN Evecrric Company, by D. Kendall; 
A DEMONSTRATION OF NETWORK RELAYS, by Wm. 


Dunnington, students. Election of officers: Wm. 
Dunnington, chmn.; Ellis Conn, vice-chmn.; 
E. R. Follin, secy.; C. E. Stahl, treas. May 9. 
Att. 13. 
Washington University 

Election of officers: Paul Crowley, chmn.; 
Jacob Levin, secy.-treas. May 15. Att. 20. 
Worcester Polytechnic Institute 

Election of officers: G. A. Stevens, chmn.; 
B. H. Colby, vice-chmn.; C. A. Hedlar, secy.; 
Hl. E. Stockwell, treas. May 19. Att. 60. 


Employment Notes 


Of the Engineering Societies Employment Service 


Men 
Available 


Construction 

GRAD E.E., 35, single, 6 yrs pwr plant elec 
operation, both hydro and steam. Dispatching and 
system operation; inspection. Five yrs’ cost 
acctg. Desires position with util, engg or constrn 
concern. Location immaterial. Available im- 
mediately. C-7796 


Design and Development 


DISTRIBUTION ENGR, around 30, grad, 
thoroughly exp, 8 yrs in designing and estimating 
costs of overhead and underground extensions and 
revamping. Also experienced in underground 4 
wire-3 phase network distr system and customer’s 
4-kv vaults and 11-kv substations. Can furnish 
best references. D-2167 


ELEC HEATING, E.E. with 6 yrs exp in design 
of elec heaters, control equip, ovens, conveyors. 
Also estimating, shop and field erection, and con- 
tracting experience. Would be especially valuable 
man to promote all types of elec heating for util. 
B-9029 


E.E. GRAD, 28, married, desires position in de- 
sign and devpmt or teaching. One yr Westing- 
house student course; 6 mos Westinghouse design 
school; 11/2 yrs design of fractional hp motors; 
21/2 yrs design of industrial motors. Available at 
once. Location, U.S. C-5051 


Draftsmen 

E.E. AND DRAFTSMAN, 20 yrs exp, central 
and substations, distr, industrial plants, pwr and 
Itg all types of bldgs, marine and RR work. A 
good man on illumination. Desires position in 
office, drafting room or field. Has some sales 
experience. D-2195 


GRAD ENGR, 29, married, large physique; 
31/2 yrs valuation with utilities commission. Two 
yrs municipal elec devpmt and _genl consulting 
engg. Two yrs elec meterman. Other util experi- 
ence totals 21/2 yrs. Studying accountancy. 
Aptitude for investigations and reports. Neat 
draftsman. Adaptable. Location open. C-6381 


Executives 


YOUNG E.E. with unusual exec and research 
exp. Available for employment. D-1804 


SWBD engr, col grad, 15 yrs experience as 
swhd engr with large mfg co. Wide experience in 
mfg co; selection, application of allapparatus going 
into elec service; actual experience in making, 
checking wiring diagrams, drawing room methods, 
as shop contact man, checking, inspecting, esti- 
mating and project work. Util exp. D-2166 


SOUND REPRODUCTION—after exp as elec- 
trician, mech, radio serv, grad Pratt, I.E.E. 28, 
spent yr pwr house constrn electrician, drafting; 
spec. serv, installation, sound picture equip U.S.A., 
later ch engr 31/2 yrs Austrialian subsidiary, con- 
trolling mfr, test, survey, inst., repairs, serv, 
advtg, of sound, pwr, projection equip. N. Wen 
married, schooled Spanish, German. Location 
immaterial. D-2118 


M.A.Sc., Univ of Toronto. Engr with consider- 
able exp in Itg protection, dampening of mech 
vibrations, inductive coordination, plant design, 
swbd layout, surveying and motion picture pho- 
tography with Ontario Hydro. Experienced in 
handling men. Speaks, reads, writes French and 
Russian. Best references. Married. Available 
at once. C-7646 


E.E., B.S. in E.E. and E.E., Sigma Xi. Twenty 


yr practice foremost engg firm, responsible elec 
work large number steam and hydro stations and 
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ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


57 Post St. 
San Francisco 


NAGSTAINE by the national societies of civil, 
mining, mechanical, and electrical engineers, 
In cooperation with the Western Society of Engi- 
neers, Chicago, and the Engineers’ Club of San 
Francisco. An inquiry addressed to any of the 
three offices will bring full information concerning 
the services of this bureau. 


Men Available.—Brief announcements will be 
published without charge, repeated only upon 
specific request and after one month's interval. 
Names and records remain on file for three months) 
renewable upon request. Send announcements 
direct to Employment Service, 31 West 39th Street, 
New York, N. Y., to arrive not later than the 
fifteenth of the month. 


industrial plants, some most important in country. 
Co-author books, author papers and articles. De- 
sires position with engg firm, mfr, util or educational 
inst. Available now. B-1088 


ENGR, qualified to direct all activities of util 
operating or design divisions. Familiar with the 
necessary organization and equip for economical 
operation, maintenance, devpmt and _ constrn. 
Location immaterial. Available at once. Twelve 
yrs operating and util experience. Married, age 35. 

734 


LOWELL INST. GRAD, 30, single. Seven 
yrs experience with elec mfg concern, (2 yrs, assem- 
bling, 5 yrstesting), 2 yrseleclab. Desires position 
in elec field, preferably as asst to elec or mech engr. 
References furnished. D-2217 


E.E., 44, available now for design, investigation 
or consultation work to banking, investment or 
holding co interested in util and large industrial 
properties. Eighteen yrs of varied experience in 
operation, mfg, design, evaluation, investigation 
and consultation activities. Thorough understand- 
ing of engg, financial and commercial aspects. 
A-535 


RESPONSIBLE YOUNG MAN capable of 
originating ideas or grasping the ideas of others 
quickly, desires position as asst to busy exec. 
B.S. in E.E. 1927. Experience includes inspecting 
and testing work, specification writing, reports, 
correspondence, etc. Good writer; will consider 


editorial work. Location immaterial. Available 
immediately. C-4475 
E.E., 47, married, univ grad. Eighteen yrs 


testing and design exp with the larger mfg cos, 
mainly on transformers. Eighteen mos design 
and devpmt on resistance welding machy. Some 
exp in exec capacity. C-8806 


UTIL ENGR, 31, 10 yrs util exp principally 
with client cos of Elec. Bond and Share, includes 
design, constrn and operation of transmission and 
distribution systems, investigations and economic 
studies, reconstruction and devpmt planning, 
annual budgets, acctg and genl engg work affecting 
more economical operation and maintenance of 
facilities. B-6934 


E.E., 42, experienced in commercial research and 
devpmt, plant eng¢, mining operations, steel plant 
pwr generation, distrn and utilization, commercial 
engg (util), investigations and reports. Salary 
2S oar eae immaterial, immediately available. 
B- 


EXEC OR ASST ELEC ENGR, 32, grad, 10 
yrs exp engg, operation, maintenance, constra, 
pwr studies and surveys, reports, organization, 
reorganization, acting elec supt property serving 
80,000; responsible charge engg, operation and 
construction on property including 19 hydro plants 
and 5,000 miles lines. Location immaterial. 
B-8904 


Instruction 


ASST PROF; M.S. in E.E., 10 yrs teaching 3 
yrs industrial devpmt and research. At present 
connected with prominent engg univ teaching E.E 
subjects and design. Excellent record. C-2893 


TEACHER OR ELEC ENGG, 30, B.S. in E.E. 
deg in 1924. Work almost completed for M.S. deg. 
Five yrs exp in testing, operation, and distribution 
engg. Last 4 yrs instructor in E.E. at engg col 
of a state univ. Desires teaching or engy position. 
Available July 1. Location immaterial. C-1209 


ENGR, B.S., E.E., 1922, married, 33, Westing- 
house grad course, 6 yrs sales engg, 4 yrs devpmt 
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905 West Wacker Drive 
Chicago 


31 West 39th St. 
New York 


Opportunities.—A weekly bulletin of engineer- 
ing positions open is available to members of the 
cooperating societies at a subscription of $3 per 
quarter or $10 per annum, payable in advance. 


Voluntary Contributions.—Members benefiting 
through this service are invited to assist in its further- 
ance by personal contributions made within 30 
days after placement on the basis of 1.5 per cent of 
the first year’s salary. 


Answers to Announcements.—Address the key 
number indicated in each case and mail to the New 
York office, with an extra three-cent stamp enclosed 
for forwarding. 


engg smallintricate apparatus. Will teach physics, 
mathematics, E.E. Recently completed necessary 
courses in education and practice teaching to qualify 
for secondary certificate practically all states ex- 
cept Calif. Location immaterial. Available Sept. 
1933 or sooner. B-9863 


Junior Engineers 

B.S. in E.E., 1930, B.S. in Ed. 1933, single, 28. 
Two yrs G.E. test including: RR motor and 
control, a-c and d-c motors and generators, Ind. 
control, vacuxm tube, mercury-are rectifier and 


research lab, 21/2 yrs teaching experience. D-2163 
B.S. in E.E.,, 1933, N. VY. Univ. Single, 20, 
Tau Beta Pi. Industrious and energetic. Anxious 


to obtain any kind of work. Location and salary 


secondary. Selling, genl business, and some teach- 
ing experience. Practical radio work. Any type 
references. D-2189. 


E.E. GRAD, 23, single, B.S. in E.E. ’32 from 
Rice Inst. Has worked in summers during col 
career, mostly in oil sales and acctg; also exp in 
seismographic exploring. Will work conscien- 
tiously anywhere, preferably in South. A little 
sales exp. D-2212 


E.E. GRAD, 1929, honor student, 26, single. 
Four yrs instructor in E.E. Desires teaching, lab 
or tech work. Good references. Available at 
once. Location, East. D-2200 


_ B.S. in E.E. 1931, Mich Col of Min & Tech, 
single, 23, Tau Beta Pi. Desires work in any engg 
field. Experience: 3 mos swbd wiring, 1 mo Itg 
design, 6 mos surveying and map drawing. Speaks 
Finnish. Location in North 1/2 of U.S. preferred. 
Available at once. D-1650 


1931 Grad B.E.E. cooperative course, 26, single. 
Experience includes elec maintenance, constrn, 
drafting and lab work. Location immaterial. 
Available at once. D-1060 


E.E.GRAD, 26, 21/2 yrs G. E. test and devpmt 
work, 1 yr hydroelec constrn and test operation. 
Also has wide knowledge of vacuum tubes and their 


application. Desires connection with mfg operat- 
ing or constrn co. Available now. Location im- 
material. C-9683 


ELEC ENGR, 26, grad Worcester Poly Inst, 
41/. yrs experience with large util, handling elec- 
trolysis testing of cables in eastern part of country. 
Familiar with methods of correcting electrolytic 
action on all underground structures. Good knowl- 
edge of underground cable standards and _ speci- 
fications. Working knowledge of elec traction 
systems. D-1980 


E.E. GRAD, 1930. Experience with the Edison 
Co, testing pwr plant and substation equipment. 
Valuation engineer and inspector of telegraph ap- 
paratus. Desires position where above experience 
may be useful. D-1838 


B.S. in E.E., Communications; Univ of Calif, 
1933, 24, married. Desires connection with firm 
producing equip using grid glow tubes and photo- 
elec cells. Available now at any location, any 
living salary. D-2228 


_B.S. in E.E., 1929; M.S. in E.E., 1933; 28, 
single, conscientious, industrious. Three and 
one-half yrs exp, 2 yrs G. E. Co testing, including 
experimental and devpmt work. Eta Kappa Nu. 
Desires opportunity in teaching or industry. 
Available summer or fall. Location immaterial. 
Please correspond. C-9918 


E.E. GRAD B.S. 1933 Wash Univ, St. Louis, 23, 
single. Earned col tuition. Member Tau Beta 
Pi, Pi Mu Epsilon. Excellent scholastic record, 
Good references at col and elsewhere. Qualities 
of leadership, honesty, reliability. Has knowledge 
of operational math. Desires work, elec engg. 
Location immaterial. Salary reasonable, willing 
to earn it. D-2143 


Maintenance and Operation 


PWR PLANT AND MAINTENANCE ENGR, 
extensive exp in swhd, control equip and operation 
and genl maintenance in large mfg concern. Two ~ 
yrs as electrician, 2!/2 yrs as pwr house operator and 
genl maintenance. Able to assume responsibility. 
Salary secondary to future. Consider anything. 
D-2011 


PLANT OR MAINTENANCE ENGR, M.E. 
Cornell, married. Practical experience for 15 ~ 
yrs in application, maintenance, design and bldg 
of manual and automatic elecl equip for industrial 
and central stations together with thorough knowl- 
edge of maintenance materials qualifies me for a 
permanent connection. Salary requirements in 
line with today’s conditions. D-1273 


Research 


ELEC RESEARCH ENGR, 30, sin le, 5 yrs 
exp in lab and design work on fractional hp motors. 
Several special motor constructions invented and 
studied in design and test. Graduate of Case 
Sch of Ap Sci, 1925. Now working on advanced 
deg. Avail 30 days, now employed. D-2165 


Sales 


IF YOU HAVE A PRODUCT TO SELL THAT 
IS ECONOMICALLY JUSTIFIED, CAN BE 
OF VALUE TO YOU, particularly util, industrial, 
mtg circles. Past 5 yrs tech sales, inaccessible 
executives hardboiled P.A.’s, cynical engrs, know- 
it-all supers. Background seasoned exec util engr. 


Broad exp. Responsibilities eight-million-dollar- 
annual-expenditure class. Immediate action. C- 
3963 


B.E.E. Ohio State Univ, 32, married, 71/2 yrs 
exp in design of all types and sizes of synchronous 
motors and low speed alternators with well-known 
mirs. Desires position in sales, engg or teaching. 
Available in 30 days. D-2222 
Testing 


EXPERT METER MAN, a-c and d-c. Read- 
ing, repairing, installing, and calibration of watthr 
meters. Ten yrs experience with pub util and private 


concerns. Last position held 5 yrs as ch tester. 
oaG yrsand married. Location of position open. 
D-2031 


Mambership | 


Recommended 
for Transfer 


The board of examiners, at its meeting of June 
21, 1933, recommended the following members 
for transfer to the grade of membership indicated. 
Any objection to these transfers should be filed 
at once with the national secretary. 


To Grade of Member 


Allen, James G., senior engr., Duquesne Lt. Co., 
Pittsburgh, Pa. : 

Augustine, Edward T., dist. engr., Western Mass. 
Cos., Springfield, Mass. 

Bivins, Walter T., supt. of pwr. stations, Market 
St. Ry. Co., San Francisco, Calif. 

Brinton, Howard G., engg. dept., Gen. Elec. Co., 
Pittsfield, Mass. 

Buell, Henry H., supt., elec. distribution, Pacific 
Gas & Elec. Co., San José, Calif. 

Clarke, Edith, central station engg. dept., Gen. 
Elec. Co., Schenectady, N. Y. 

Coffin, Harold W., planning engr., Bangor Hydro- 
electric Co., Bangor, Me. 

Craig, Arthur B., meter engr., Edison Elec. III. 
Co. of Boston, Boston, Mass. 

Crowell, Robinson, supt., elec. meter dept., Pacific 
Gas & Elec. Co., Oakland, Calif. 

Dallye, Frederick R., sales engr., Alum. Co. of 
Am., Pittsburgh, Pa. 


Dellinger, Floyd E., overhead elec. engr., Los. 
Angeles Gas & Elec. Corp., Los Angeles, 
Calif. : 

Gundlach, Wm. E., chief elec. engr., the Mil- 


waukee Elec. Ry. & Lt. Co., Milwaukee, Wis 
Hiltebeitel, Jesse, asst. director of field super- 
vision, City Work Bureau, New York. 
Hopkins, Robert H., telephone engr., Am. Tel. & 
Tel. Co., New York. 


ELECTRICAL ENGINEERING 


J 


Joslin, Arba V., asst. engr., Pacific Gas & Elec. 
Co., San Francisco, Calif. 

Kerchner, Russell M., assoc. prof. of elec, engg., 
Kansas St. Col., Manhattan. 

McKay, Marshall C., asst. engr., gen. constr., 
Pacific Gas & Elec. Co., San Francisco, Calif. 

Meyer, Frank T., equip. engr., Bell Tel. Labs., 
Inc., New York. 

Schilling, Eugene W., asst. prof. of E.E., Michigan 
Col. of Min. & Tech., Houghton. 

Sloan, Thomas S., div. mgr., Georgia Pwr. Co., 
Rome, Ga. 

Smith, Kilburn M., planning engr., 
wealth Edison Co., Chicago, Ill. 

Steele, Elijah H., engr., line comstr., Pacific Gas & 
Elec. Co., San Francisco, Calif. 

Speer, Guy F., underground engr., Milwaukee 
Elec. Ry. & Lt. Co., Milwaukee, Wis. 

Thompson, Joseph S., pres., Pacific Elec. Mfg 
Corp., San Francisco, Calif. 

Youens, Alfred V., E.E., City of Palo Alto, Calif. 


Common- 


Applications 
for Etection 


Applications have been received at headquarters 
from the following candidates for election to 
membership in the Institute. Unless otherwise in- 
dicated, the applicant has applied for admission as 
an Associate. If the applicant has applied for 
direct admission to a grade higher than Associate, 
the grade follows immediately after the mame. 
Any member objecting to the election of any of 
these candidates should so inform the national 
secretary before July 31, 1933. 


Alfriend, J. V., Jr., Westinghouse Elec. & Mfg. 
Co., E. Pittsburgh, Pa. 

Briggs, A. F., U.S. Coast & Geodetic Survey, 
Pt. Arthur, Texas. 

Brown, A. H. Jr., Elec. Ry. Presidents Conference: 
Committee, Bklyn., N. Y. 

Ciallella, E. A., 24 Patten Place, Newark, N. ae 

Corson, Ee B., The Watts Regulator Co., Rochester, 
N , 


Emerson, A. E., Electrical Research Products 
Inc., New York, N. Y. 

Heffernan, F. J., Westchester County Emergency 
Wk. Bureau, White Plains, N. Y. 

Hughes, A. J., Jr., Fountain Inn, re wee 

Lettieri, M. R., 103 E. Westfield Ave., Roselle 
Park, N. J. 

Levy, C. C., Westinghouse Elec. & Mfg. Cot, Eb: 
Pittsburgh, Pa. 

Lingal, H. J., Westinghouse E. & M. Co., E. Pitts- 
_urgh, Pa, 

Martin, H. G., Jr. (Member), 
Tel. Co., New York, N. Y. 

Milne, J. (Member), Works Department, City of 
Toronto, Ontario, Canada. 

Sine, C., Woodstock Elec. Lt. & Pr. Co., Woodstock, 
Vv 


Western Union 


a, 
Vercesi, A. A., Electric Meter Corp., New York, 
Y 


Nee: 
Wolff, F. E., 422 46th St., Brooklyn, N. Wi 
16 Domestic 


Addresses 
Wanted 


A list of members whose mail has been returned 
by the postal authorities is given below, with the 
address as it now appears on the Institute records. 
Any member knowing of corrections to these ad- 
dresses will kindly communicate them at once to 
the office of the secretary at 33 West 39th St., 
New York, N. Y. 


Anderson, Geo. H., 131 Wenonah Road, Long- 
meadow, Mass. ; 
Biavati, Jos. D., 22162—9l1st Rd., Queens Village, 


IN/EY i 
Buel, Kenneth, F., 4621 Westminster Pl., St. Louis, 
Mo 


Cannizzo, Mario, Trumbull-Vanderpoel Elec. Co., 
Bantam, Conn. 

Danstedt, R. T., Y. M. C. A. Col. of Engg., 2209 
Prospect Ave., Cleveland, Ohio. 

Durant, Wm. T., 736 Broadway Ave., Regina, 
Sask., Can. 

Harcus, Wilmore C., United Artists Studio, 1041 
N. Formosa Ave., Hollywood, Calif. 

Hottle, Warren M., 437 Hansberry St., Philadel- 
phia, Pa. ' 

Johansen, Harold C., 119 E. 10th St., Marion, Ind. 

Kubota, K., c/o Japanese Ass’n OLN We5) LOLg 
Broadway, New York, N. Y. : 

Martin, Peter E., 1055 Springhill Ave., Mobile, Ala. 

Moore, Everett, 2479 Kalakawa Ave., Honolulu, 
eles 


Nelson, Forrest S., 63 Boyd St., Worcester, Mass. 
Parker, Ray H., 5355 Poinsette Ave., Richmond, 
Cali 


t 
Pedersen, P. R., c/o Sanderson & Porter, 52 William 
St., New York, N. Y. 

Stewart, Jenner M., General Delivery, Jackson, 
Mass. ‘ 
Victors, Peter, 420 Presidio Ave., San Francisco, 

Calif 


alif. 
Walters, Louis G., c/o Y. M. C. A., Portland, Ore. 
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Engineering 


Mitceataure 


New Books 
in the Societies Library 


Among the new books received at the 
Engineering Societies Library, New York, 
during May are the following which have 
been selected because of their possible in- 
terest to the electrical engineer. Unless 
otherwise specified, books listed have been 
presented gratis by the publishers. The 
Institute assumes no responsibility for 
statements made in the following outlines, 
information for which is taken from the 
preface of the book in question. 


AIRCRAFT YEAR BOOK for 1933. Compiled 
by Aeronautical Chamber of Commerce. N. Y., D. 
Van Nostrand Co., 1933. 506 p., illus., 9x6 in., 
cloth, $6.00. An extensive review of the develop- 
ments of the past year, covering commercial, manu- 
facturing and engineering progress, occupies the 
major portion of the book. The present records 
of all kinds are given in full, as well as much sta- 
tistical data upon production, sales, operations, 
etc. There is also an aeronautical directory. 


ARC-WELDED STEEL FRAME STRUC- 
TURES. By G. D. Fish. N. Y. and Lon., Mc- 
Graw-Hill Book Co., 1933. 401 p., illus., 9x6 in., 
cloth, $5.00. The first chapter gives an interest- 
ing illustrated review of welded buildings and 
bridges to date. The next 3 chapters discuss the 
arc-welding process, weld forms, the physical 
properties of welds, and stress analysis. Succeed- 
ing chapters are upon joint design, economy, 
construction methods, cost, estimating, shop 
drawings, and supervision. A valuable final 
chapter gives critical comment upon some existing 
structures. 


BONBRIGHT SURVEY of ELECTRIC 
POWER and LIGHT COMPANIES of the 
UNITED STATES. 9th ed., Oct. 1932. N. Y., 
McGraw-Hill Pub. Co., 1932. 184 p., illus., 
11x9 in., paper, $10.00. This directory lists the 
electric light and power services in places of 2,500 
population or larger, the holding corporations of 
the country and their subsidiary companies. 
Financial data are given for each company, includ- 
ing gross and net earnings, funded debt, capital 
stock and interest charges. Revised to October, 
1932. 


CONDUCTION of ELECTRICITY through” 


GASES. Vol. 2. By J. J. Thomson and G. P 
Thomson. 3rded. Cambridge (Eng.) Univ. Press; 
N. Y., Macmillan Co., 1933. 608 p., illus., 9x6 in., 
cloth, $6.50. This, the concluding volume of the 
third edition of this classic work, deals with 
ionization by collision and by X rays, and with 
the properties of the electric discharge in all its 
forms, glow, spark, and arc. Practically rewritten 


and consists almost entirely of new material. 


ELEMENTS of INDUSTRIAL HEAT. Vol. 1. 
By J. A. Randall and J. W. Gillon’) N.Y; John 
Wiley & Sons, 1933. 261 p., illus., 9x6 in., cloth, 
$2.75. The fundamentals of heat engineering are 
presented with a minimum of mathematical dis- 
cussion and in as simple language as the subject 
will permit. The fundamental concepts, calorime- 
try, expansion and changes of state caused by 
heat, heat transmission, fuels and combustion, 
air and humidity are discussed, also the elements of 
thermodynamics. Adapted to home study, as 
well as class use. 


EXPERIMENTAL ATOMIC PHYSICS. By 
G. P. Harnwell and J. J. Livingood. N. Y. and 
Lond., McGraw-Hill Book Cos, 1933) 472i p:, 
illus., 9x6 in., cloth, $5.00. In this introduction 
to atomic physics, the object has been to develop 
logically the theories of radiation and matter, with 
particular attention to fundamental conceptions 
and their experimental foundations. Based upon 
a course given to seniors and first-year graduate 
students at Princeton University. 


HIGH - FREQUENCY MEASUREMENTS. 
By A. Hund. N. Y. and Lond., McGraw-Hill Book 
Co., 1933. 491 p., illus., 9x6 in., cloth, $5.00. 
A description of high-frequency phenomena ap- 
plied to measurements, suited to the needs of re- 
search workers. The principles and methods of 
measurement are described in detail and discussed 
critically, the limitations of various methods being 
pointed out. A new, up-to-date work. 


INTRODUCTION to THEORETICAL 
PHYSICS. 5 vols. By M. Planck, translated 
by H. L. Brose. Lond. and N. Y., Macmillan & 


Co., 1932-3, illus., 9x5 in., cloth, Vol. I. GEN- 
ERAL MECHANICS. 272 p., $2.50. 


MECHANICS of DEFORMABLE BODIES. 


234 p., $2.50. Vol. 3. THEORY of ELEC- 
TRICITY and MAGNETISM. 247 p., $2.50. 
Vol. 4. THEORY of LIGHT. 216 p., $2.50. 
Vol. 5. THEORY of HEAT. 301 p., $2.75. 


This course in theoretical physics is intended for 
mature students, acquainted with analytic geometry 
and the infinitesimal calculus, and aims to prepare 
them for the exhaustive treatises and the detailed 
special literature. 


LASTING PROSPERITY. By A. G. Mc- 
Gregor. Lond. and N. Y., Isaac Pitman & Sons, 
1933. 151 p., charts, 9x6 in., cloth, $2.25. Ac- 
cording to Mr. McGregor, this work discloses 
what are bound to be the future currency system 
and the future international system of the world 
and outlines the machinery required for their opera- 
tion. A currency of constant purchasing power 
would result, and the solution of internal and ex- 
ternal economic problems, including the liquidation 
of war debts, would be greatly simplified. In 
addition, a policy for foreign investments is pre- 
sented. The author is an American engineer 
residing in London. 


PRINCIPLES of RADIO COMMUNICATION. 


By J. H. Morecroft, assisted by A. Pinto and 
W.A.Curry. 3rded. N. Y., John Wiley & Sons, 
1933. 1084 p., illus., 10x6 in., cloth, $7.50. Dur- 


ing the 5 yr. that have elapsed since the previous 
edition of this well-known textbook appeared, 
many changes have occurred in radio practice. 
These changes are reflected in this new edition. 
More information is given on rectifying apparatus 
and circuits, filters, shielding, and electrolytic 
condensers. The newer tubes are noticed and the 
action of pieza-active quartz is explained. Through- 
out the text much new material has been intro- 
duced, and obsolete data have been deleted. 


PROFIT ENGINEERING. By C. E. Knoeppel 
and others. N. Y. and Lond., McGraw-Hill Book 
Co., 1933. 326 p., illus., 9x6 in., cloth, $3.00. 
The theme of this book is that a business, to remain 
solvent, must make protits, rather than volume, its 
goal. To accomplish this sales income and cost 
outzo must be planned and controlled, as production 
is. The author presents a plan for doing this and 
explains the use of his ‘‘profitgraph.” 


RECENT SOCIAL TRENDS MONOGRAPHS. 
N. Y., McGraw-Hill Book Co., 1933. 9x6 in., 
cloth, AMERICANS at PLAY. By J. F. Steiner. 
201 p., $2.50. ARTS in AMERICAN LIFE. 
By F. P. Keppel and R. L. Duffus. 227-p., $2.50. 
METROPOLITAN COMMUNITY. By R. D. 
McKenzie. 352 p., $3.50. PROBLEMS of EDU- 
CATION in the UNITED STATES. By C. H. 
Judd. RURAL SOCIAL TRENDS. By E. 8. 
Brunner and J. H. Kolb. 386 p., $4.00. TRENDS 
in PUBLIC ADMINISTRATION. By L. D. 
White. 365 p., $4.00. The report on “Recent 
Social Trends in the United States,’’ recently issued 
by the President’s Research Committee, is supple- 
mented in various directions by these 6 monographs. 
They record, in extended and detailed form, the 
scientific and statistical data assembled tor the 
committee and discuss the findings more fully. 


BINARY LOGARITHMS. By G. H. Pohland. 
Chicago, G. H. Pohland, 1931. 24 p., tables, 
12x9 in., paper, $2.00. Binary logarithms, with 
the number 2 as the base, offer a ready means of 
determining the geometric interval separating 2 
frequencies or wave lengths in terms of octaves 
and decimal fractions of the octave, and hence are 
useful in the study of electromagnetic phenomena 
and the design of musical instruments. This 
mimeographed pamphlet contains 10-place binary 
logarithms of the first 1,024 integers, binary anti- 
logarithms, 5-place binary logarithms for musical 
constants and other tables, toyether with ex- 
planatory text. 


Engineering Societies Library 
29 West 39th Street, New York, N.Y. 


AINTAINED as a public reference library 

of engineering and the allied sciences, this 
library is a cooperative activity of the national 
societies of civil, electrical, mechanical, and min- 
ing engineers. 


Resources of the library are available also 
to those unable to visit it in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi- 
cient to cover the cost of the work required. 


A collection of modern technical books is 
available to any member residing in North Amer- 
ica at a rental rate of five cents per dey per 
volume, plus transportation charges. 


Many other services are obtainable and an 
inquiry to the director of the library will bring 
information concerning them. 
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a Be | Notes 


Bristol Co. Moves Local Quarters.—The 
Bristol Co., Waterbury, Conn., makers of 
indicating, recording, and controlling instru- 
ments, announces that the New York office 
is now located in the Daily News Building, 
220 East 42nd St. C. N. Williamson, dis- 
trict manager, continues in charge, assisted 
by a staff of six application and service 
engineers. 


New Watthour Demand Meters.—A new 
meter which combines in one device a watt- 
hour meter and a recording demand meter 
has been announced by the General Elec- 
tric Company. The demand mechanism of 
the new meter, which has been designated as 
type DG-1, is of the ‘‘block-interval’’ type, 
recording on a strip-chart the demand over 
a definite time interval. A record of line 
is made on the chart for each interval, with 
1/s-inch between these lines for all ratings. 
A hook or quirk at the end of the ink line 
definitely indicates the exact value of the 
demand. In addition, the chart is ad- 
vanced continuously, so that the slope of 
the line on the chart gives indication of the 
variation in magnitude of the load during 
the time interval. The meters have the 
characteristics of the type I-16 meter, in- 
cluding high torque and complete tempera- 
ture compensation for all power factors. 
The combination of high torque and ef- 
ficient demand mechanism results in a 
minimum effect on the watthour meter ac- 
curacy, even under light load conditions. 


Steel Enclosed Cubicles.—-A line of stand- 
ardized 7.5 kv steel enclosed cubicles, which 
can be assembled in any desired number of 
units, has been developed by the Delta- 
Star Electric Co., Chicago. The manually 
solenoid or motor operated oil circuit 
breakers are trip free and operating mecha- 
nism interlocks with a hinged door of the 
disconnecting switch compartment. The 
bus is located in the top of the compart- 
ment which is provided with removable end 
covers to permit ready connection to future 
units. Therelays, meters, instruments, and 
control switches are attached to hinged 
doors, insuring easy access to the wiring 
and control leads. 


Gear-Motors.—Small gear-motors with the 
characteristics and construction of the 
latest designs of general purpose motors 
have been developed by the General Elec- 
tric Company. The new gear-motors com- 
bine the desirable features of light weight, 
efficient high-speed motor drive with a 
simple compact reduction gear to give al- 
most any desired speed at the output shaft. 
Connections to driven machines may be 
made directly or through the use of gears, 
belts, or chains. Full access to the gear 
mechanism is possible by removal of the 
cover plate. A liberal oil capacity and a 
complete lubrication system assure long 
life without frequent attention. These 
motors are available in two types, both in 
ratings from one-sixth to three-quarters 
horsepower inclusive; the concentric shaft 


type, with speeds from 500 to 98 rpm., and 
the right angle shaft type, with speeds from 
200 down to 11 rpm. 


lade Wecniare 


Automatic Feeder Voltage Regulator.— 
Bulletin 3021, 4 pp. Describes a new 
automatic feeder voltage regulator for 
regulating small capacity feeders of any 
circuit voltage; single-phase or 3-phase; 
indoor or outdoor. Allis-Chalmers Mfg. 
Co., Milwaukee, Wis. 


Instruments.—Catalog 48, 20 pp. De- 
scribes switchboard and panel instruments, 
round and rectangular patterns. Included 
are ammeters, voltmeters, wattmeters, 
frequency meters, power factor meters and 
milli-ammeters, milli-voltmeters, galva- 
nometers, and others. Roller-Smith Co., 
12 Park Pl., New York. 


Circuit Breakers.—Bulletin C-1968, 8 pp. 
Describes two new oil circuit breakers 
utilizing for the first time condenser bush- 
ings on small breakers. Designated as 
types F-50 and F-100, they are manually 
or electrically operated and rated for indoor 
service of 5000, 7500, and 15,000 volts. 
Westinghouse Electric & Mfg. Co., E. 
Pittsburgh, Pa. 


Testing Instruments.—Bulletin 1360, 4 
pp. Describes ‘“‘Megger’” and ‘‘Meg”’ 
ground testers, showing applications for 
measuring the resistance to earth of ground 
connections. Bulletin 13855, 8 pp. De- 
scribes ““Megger”’ insulation testing instru- 
ments of five different types and forty 
ranges. James G. Biddle Co., 1211 Arch 
St., Philadelphia, Pa. 


Heating Elements.—Bulletin 30,4 pp. De- 
scribes a complete line of strip heaters—flat 
metallic tubes in which the heating element 
is nickel chromium, supported in molded 


insulators. Harold E. Trent Co., 618 
N. 54th St., Philadelphia, Pa. 
Metal Coatings.—Bulletin, 20 pp. De- 


scribes the equipment and process of spray- 
ing (termed ‘‘Metallizing’’) a wide variety 
of molten metals upon practically any solid 
base. International Metallizing Associa- 
tion, 214 Provost St., Jersey City, N. J. 


Motors.—Bulletin C. 1969, 12 pp. De- 
scribes Westinghouse Thermoguard motors 
and applications. Should the motor wind- 
ings become dangerously overheated, the 
motor may be so connected as to give a 
warning signal or to be disconnected from 


the line. Westinghouse Electric & Mfg. 
Co., E. Pittsburgh, Pa. 


Radio Alloys.—Booklet, 16 pp. Describes 
numerous metal alloys used in the manu- 
facture of radio equipment, such as nickel, 
nickel-silicon, nickel-manganese, etc., for 
high and low resistance wire, for bright 
and carbonized strip, for grid, support, 
filament, rheostat, and potentiometer wire. 
Driver-Harris Co., Harrison, N. J: 


Zinc Plating Process.—Booklet, 48 pp., en- 
titled ‘“Duozinc.’’ Describes an improved 
zine plating process, and contains compre- 
hensive and detailed information on the 
most efficient electrochemical methods of 
curbing corrosion of steel products. Prepa- 
ration of the product for plating and the 
entire plating process are fully covered. 
E. I. du Pont de Nemours & Co., Inc., R. 
& H. Chemicals Dept., Wilmington, Del. 


Rheostats.—Bulletin 1105. Describes a 
new ring type, 100-watt rheostat, with fine 
continuous adjustment and “dead” shaft 
construction, designed for applications re- 
quiring a compact, heavy duty instrument. 
The rheostat is available in values of resist-. 
ance from 1 to 10,000 ohms. It will dissi- 
pate in free air 100 watts continuously with 
a temperature rise not exceeding 250°C., 
which is within the limits specified by 
Underwriters’ Labs. Ward Leonard Elec- 
tric Co., Mt. Vernon, N. Y. 


Trolley Duct Systems.—Bulletin, 8 pp. 
Describes ‘‘Bull Dog Trol-e-Duct,’’ a mobile 
trolley system for conveying electric cur-— 
rent to moving and portable electric de- 
vices such as drills, buffers, cranes, etc., and 
consisting essentially of standardized, self- 
contained sectional units of steel duct, en- 
closing insulated busbars which distribute 
current through trolleys to portable elec- 
tric tools or other moving “loads.’’ Appli- 
cations are extensive where continuous 
assembly lines are in operation and the 
system is readily adapted to other indus- 
tries. Bull Dog Electric Products Co., 
7610 Jos. Campau Ave., Detroit, Mich. 


Lightning Arresters.—Bulletin 346, 120 
pp. Describes a complete line of lightning 
arresters and lightning protective equip- 
ment and contains much technical informa- 
tion on the subject of lightning protection 
in general. Equipment listed includes 
Crystal Valve lightning arresters for both 
high and low voltage a-c service and for low 
voltage d-c service; Crystal Valve tank 
type arresters; neutral arresters and co- 
ordinating gaps; Garton-Daniels arresters 
for low voltage a-c and d-c service and for 
high voltage d-c railway service; ground 
testing equipment and ground fittings. 
Electric Service Supplies Co., 17th & Cam- 
bria Sts., Philadelphia, Pa. 


Testing Set.—Bulletin 543, 4 pp. De- 
scribes L. & N. type U testing set, a port- 
able Wheatstone bridge, specially designed 
for locating faults in telephone and tele- 
graph cables and other communication 
circuits. The set is sufficiently accurate 
and reliable for laboratory measurements. 
Leeds & Northrup Co., 4901 Stenton Ave., 
Philadelphia, Pa. 
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